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COLLECTION 


RADIO-ACTIVE MINERALS 


ACCORDING TO 


MME. CURIE. 


(Thesis presented before the Faculty of Sciences, Paris, June, 1903.) 


The locality from whence a specimen comes is important, no two sources of a 
mineral affording examples of exactly the same degree of radio-activity. Their 
external appearance also differs. Hence the number of local examples of several 
minerals has been increased in this list beyond the number actually described in 
the thesis. (Three Thorites are omitted.) The localities of the following speci- 
mens are not always the same as those of the specimens investigated by Mme. 
Curie. 

The steady development of the subject of radio-activity soon leaves any list 
incomplete. We supply numerous other minerals desired by investigators in this 
and allied subjects. 


1 Uraninite (Pitchblende) 13 Xenotime 

9 “ “ 14 Aeschynite 
3 15 Fergusonite 
4 


of “ 16 “ 

Cleveite 17 Samarskite 
Torbernite (Chalcolite) 18 Columbite (Niobite) 
Autunite 19 
Thorite 20 

21 Tantalite 
Orangite 22 = 
Monazite 23 Carnotite 

24 


The collection comprises twenty.four specimens averaging about 100 grams 
each, numbered to correspond to above list. Each specimen consists of a number 
of pieces in a glass stoppered bottle, all fitted compactly in a handsomely finished 
mahogany cabinet. Price complete, express paid, $30.00. 


Prepared by 


FOOTE MINERAL OCO.,, 


Established by Dr. A. E. Foote, 1876 
1317 Arch Street, 24 Rue du Champ de Mars, 
PHILADELPHIA. PARIS. 


Dealers in Rare Minerals for Educational, Experimental and Commercial Uses. 
Gram to carload lots. Minerals purchased. Mail small sample with your offer. 


Illustrated Catalog Free. 
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Art. 1.—TZhe Variation of Potential along the Transmitting 
Antenna in Wireless Telegraphy; by C. A. CHANT. 


I. Introduction. 


In a former paper* illustrations were given of the manner 
in which standing waves are formed on a free-ending wire 
when the electrical disturbance is produced by electrostatic 
induction from a Hertzian oscillator at the other end of the 
wire. The present communication contains a somewhat de- 
tailed account of an examination of the aérial wire used to 
radiate the waves in wireless telegraphy ; and, in a section at 
the end, a brief account of a continuation of the former experi- 
ments. 

The problem of the electrical oscillations about a free-end- 
ing wire has been treated from a rigid theoretical basis by 
Abraham,+ who determined the electric and magnetic forces 
at any point in the field by directly integrating the Maxwel- 
lian equations. For the purposes of analysis the wire was 
considered to have the form of a very elongated paraboloid 
of revolution, and the field to vary in such a way that the 
electric lines of force ended perpendicular to its surface. 
Sarasin and de la Rive,t and others had compared the oscilla- 
tions about a wire to those in an open pipe; but, as Abraham 
remarks, though the relations are essentially similar, the anal- 
ogy must not be pushed too far, In the pipe the radiation is 
from within outwards, and is greatest in the direction of the 

*C. A. Chant, The Variation of Potential along a Wire Transmitting 
— Waves; this Journal, xv, p. 54, 1903; Phil. Mag. [6], v, p. 331, 

+M. Abraham, Ann. der Physik, ii, p. 32, 1900. 


}E. Sarasin and L. de la Rive, Archives des Sciences Physiques et Natu- 
relles, Genéve, xxiii, p. 113, 1890. 
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axis; while in the electro-magnetic case the radiation is from 
without inwards, being limited by the surface of the wire, and 
on account of the transversality of the vibrations there is no 
radiation along the axis. Moreover, in the air-vibrations there 
is a displacement of the entire system of nodes and loops 
towards the open end, while, with the electrical oscillations, to 
a first approximation, there is no such displacement. Ona 
closer examination, however, there is found to be a displace- 
ment of this kind, variable with the frequency. The phase of 
the advancing waves alters in a discontinuous manner, some- 
what as in the vibrations of a plucked string.* 

When two wires are used, asin Lecher’s arrangement, the 
radiation in the direction of the axis does not vanish, and the 
analogy to the open pipe is more marked. There is then a 
decided displacement of the nodes and loops, well exhibited in 
an investigation by de Forest.+ 

The best acoustical analogy to a wire connected at one end 
to earth or to a large capacity and free at the other seems to 
be a closed pipe, gas-pressure in the pipe corresponding to 
potential or charge in the case of the wire. Here there is a 
displacement of the nodes and loops, but it is very small, and 
only the odd harmonics are present in the two cases. Of 
course a rod clamped at one end is similar to the closed pipe. 

Birkeland and Sarasin,t in their investigation of the field 
about a free-ending wire; explored with a circular resonator, 
and found the first node distant from the end by one-half the 
circumference of the resonator (a result similar to that obtained 
by Sarasin and de Ja Rive in their investigation on two parallel 
wires, and ascribed by them to the geometrical form of the 
resonator), and other nodes regularly spaced along the wire at 
intervals equal to twice the diameter of the resonator. The 
form of the nodal surfaces in the space about the wire obtained 
by them agrees with that deduced by Abraham. 

Slaby’s theoretical treatment§ of the problem is much sim- 
pler than Abraham’s, and from his results he was led to his 
method of syntonic telegraphy. He takes the so-called “ tele- 
graphic equation,” 

di 


where 7 is the current strength at any time at a place x on the 
* Helmholtz, Sensations of Tone, p. 54; Rayleigh, Theory of Sound, art. 


+L. de Forest, this Journal, viii, p. 58, 1899. 

¢K. Birkeland and E. Sarasin, Comptes Rendus, cxvii, p. 618, 1893. 

$A. Slaby, Lond. Electrician, vol. xlvi, Jan. 18, 1901; also vol. xlix, 
April 25, 1902. 
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antenna, and R,, L,, C,, are the resistance, self-induction and 
capacity per unit length of the wire. A solution* is 

R 

‘= Ae cos ap Sin 

where T = 4»/LO, / is length of wire, A is a constant and R, 
L, C, relate to the whole length of the wire. The frequency 
is 1/T andA=4/. From this solution it should follow that 
the disturbance varies according to the simple harmonic law, 
and that the free end of the wire is a potential loop, the lower 
end a potential node. 


II. Experimental Arrangements and Results, 

In the present investigation all the wires explored were of 
bare copper of diameter 7™" and were stretched horizontally 
on the tops of wooden poles about 1°5" high and 1°6™ from 
the wall of the reom in which the experiments were made. 
This room was a large hall, on the first flat, about 22™ long, 
12™ wide and with a ceiling 13" high. The manner of exam- 
ining the wire at various points in its length was precisely 
similar to that in the former research. The induction coil and 
interrupter, the magnetometer and the method of taking read- 
ings were identical with those used earlier and need not be 
described again here. 

In most of the work the detector was the one used before, 
but during the course of the experiments it was broken and 
another, similar to it and indistinguishable from it in its beha- 
vior, was constructed. 

The manner of applying the detector to the wire was slightly 
different. Before, the detector was laid on the top of a car- 
riage moving on ways along the wires, with the little wing, w, 
fig. 1, in a little pocket by the wire; now, a small piece, ¢, of 


1 


cylindrical hard-rubbder‘rod, in which a groove was made down 
to the axis, along a plane through the axis, was fastened to the 


* See Webster, Electricity and Magnetism, arts. 255, 256. 
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hard-rubber plate, p, by wax, and the detector was then hung 
on the stvebehed wire at any place desired. 

The curves are plotted from the mean of at least three sets 
of readings. 

The published accounts of the exploration of wires about 
which electrical disturbances are produced as in wireless tele- 
graphy are not numerous, and, as far as I can learn, in no case 
has the exploration been at all minute. 

In the present investigation three methods, well-known in 
practice, have been used to excite the oscillations. 


Marconi’s Simple Method. 

This arrangement is illustrated in tig. 2. The “ oscillator ” 
in this case consisted of two cylindrical brass rods, AB, CD, 
9°5™" in diameter and 12°5™* long, ending in spherical knobs 
B, C, 3°8™ in diameter. One half of the doublet is shown on 


a larger scale at the left-hand of fig. 2. From D led off the 
antenna DE. In some experiments A was.connected to earth, 
‘in others a wire similar to DE was attached to A, while in one 
series this end of the doublet was left entirely free 

The knobs B, C were not kept polished, and the spark was 
about 1°9™™ long. 

For earth, in the case of wires of lengths 500, 1500 and 
2000™*, A was joined immediately toa large sheet of tin, 
which, along with about two square meters more of sheet metal, 
was firmly connected to a steam-heating radiator near by. For 
the wire 1000™* in length the connection from A to the sheet of 
tin was about 75°" long. 

The wire joined to A in place of the earth connection was 
precisely the same as that acting as antenna and attached to D; 
and in order to prevent inductive effects between these two 
wires the former was drawn up in a vertical direction by a 
cord over a pulley in the ceiling. 

The readings were taken at points, usually 20™* apart, from 
one end of the antenna to the other, the order of the readings 
in some cases beginning at the free end, in the rest moving 
towards it. 
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A general view of the results obtained is given in Table I and 
tig. 3. In the table the distances of the minima from the free 
end are given in centimeters, and the less-marked minima are 
enclosed in brackets. 

TABLE I. 


Distance, in centimeters, of minima from free end of antenna, 


Length |- 
of B | 
antenna. A With equal 
ems. |With earth connection. long wire. | No earth connection. 
500 (175). None 260. None 
1000 (120), (375), (500). None (150), (660). 
1500 (320%). None 
2000 (None. 
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In all the curves abscissas represent distances from the free 
end and ordinates magnetometer deflections. 

It is seen from the curves, that joining to earth one pole of the 
oscillator is equivalent to adding to that pole a wire similar to 
the antenna; or, in other words, the earth acts like a plane 
mirror in optics. This view has been put forward by several 
writers, especially by Slaby* when offering an explanation of bis 
system of syntonic telegraphy. 

In the curve obtained with the antenna of 1000°* connected 
to earth (see fig. 3), there is a deep minimum at approximately 
123°" from the free end, and a second one at 375™*. This 
would give 

d/2 


Mean 


In the curve obtained with no earth or other connection the 
natural oscillation of the wire as a whole is practically absent, 
but there are minima at distances 


130, 425, 725, (1000 ?)°™* 


That at 1000°™* is not decisive from the curve, and so it is 
omitted in the following calculation (though including it would 


make no difference in the result) : 

d/2 2 130 = 260°" 
425—130 = 295°" 
715—425 = 290°™s 


Mean 28Qcms 


These, I believe, are half-wave-lengths of overtones. In the 
first case the wire was grounded and so only odd overtones 
would be possible, the one present being probably the ninth, 
counting the fundamental, the first. If such was the case, the 
entire length of the oscillating wire from free end to earth 
should be 


249 
9 x —— = 1120, 


a result requiring the oscillator to be equivalent to 
1120—(1000 + 75), or 145°™5 


of the wire. This value appears rather high, but this explana- 
tion seems to me the most probable. 

I may remark that the curves obtained with the wire 
1000 long, connected to the earth, were the most irregular of 


* A. Slaby, Funkentelegraphie, 2d ed., p. 86, and fol. Berlin, 1901. 


| = 875—123 = 252° 
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all secured during the investigation, especially in the space 
between 100 and 300™* from the free end. A possible cause 
contributing to this may have been that the electrical disturb- 
ance was not produced immediately at the earth end. 

In the second case the oscillating wire was free at each end, 
and so the entire system of overtones was possible. The one 
present, with half-wave-length of 282°"*, seems to be the fourth, 
in this case the oscillator adding to the wire one-fourth of a 
wave-length. 

It may be questioned why these particular overtones were 
present, and the others not noticeable. I think it was because 
the natural period of the oscillator alone was in approximate 
accord with them, being about one-half that of those exhibited. 
This would agree with the results of Lindemann,* who found 
that the waves proper to the oscillator, as well as those of the 
entire system of oscillator and wires, should be present. 

I have not been able to identify the other ripples of the 
curves. 

Slaby+ and Braunt have both studied the simple Marconi 
system. The former used a wire about 10 meters long, and 
explored it with a spark micrometer in which a blunt metal 
cone was opposed to a flat face of are carbon. According to the 
curve he obtained (fig. 1 of his article), there was a standing 
wave, with potential loops at the ends and a relative node in 
the middle. In my experiments there is a node at the end of the 
wire attached to the coil. Slaby concluded that the overtones 
present were very trifling and that the oscillation emitted was 
almost a pure fundamental. The fundamental is certainly 
present in great intensity, but the readings giving it are some- 
times scattering, as mentioned above, and the curve is not very 
smooth. In some cases, too, as already seen, overtones show in 
considerable strength. Slaby also found that when the pole of 
the induction coil was joined, not to an end of the antenna but 
to some other point, the oscillation produced showed consid- 
erable distortion. This effect is similar to that noted above in 
the case of the 1000°* earthed wire. 

Braun used a wire 15 meters long stretched horizontally, 
and from it suspended five small Geissler tubes, each with a 
wire 50™5 long hanging below it. When the coil was in action 
the tubes lighted up, but there was no trace of a node ora 
ventral segment. 

* A, Lindemann, Ann. der Physik, ii, p. 376, 1900. 

+ A. Slaby, Elektrotechnische Zeitschrift, 1902, p. 168; extended abstract 


in Lond. Electrician, vol. xlix, p. 6, 1902. 
' $F. Braun, Phys. Zeitschrift, iii, p. 143, 1900. 
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Inductive Method of Excitation (Braun, Marconi). 


The experimental disposition used for inductively exciting 
the oscillations about the antenna is illustrated in fig. 4. 


C,,C, are two condensers. From the inner coatings con- 
ductors lead off and end in knobs, between which sparks are 
made to pass by an induction coil. The outer coatings are 
joined by a thick wire bent into a single turn which acts as the 
primary of a transformer. The secondary of this transformer, 
AB, consists of a few turns. Toone end of it, A, the antenna 
is joined and to the other end, B, the earth, any desired capac- 
ity or a wire similar to the antenna. 


The apparatus actually used in the investigation was the 
transmitter of the experimental set supplied by the Gesell- 
schaft fiir drahtlose Telegraphie, Berlin, Germany, of the sys- 
tem Prof. Braun and Siemens & Halske. Each condenser 
consisted of four small tubular jars, 17°5"™ in diam., 2™™ thick 
and with coatings approximately 7:5°* high. The spark-gap 
was from 1 to 2™™ long, and no attention was paid to polishing 
the knobs. That portion of the condenser circuit forming the 
primary of the transformer was a single turn of copper wire 
6™" in diameter, bent into a circle of mean diameter 6:8°™* 
(D, D, fig. 5). The secondary, which was within the primary, 
consisted of 54 turns of heavily insulated wire of a total 
length of 99°". The diameter of the wire and its insulation ° 
was 2°5™", and the turns lay close together. A vertical sec 
tion, one-half of full size, is shown in fig. 5. 
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As is known, in this system earth connection is usually not 
made,* but in place of it an earth plate is used, intended to 
balance the antenna and thus give symmetry to the oscillating 
system. The earth plate supplied with the apparatus was a 
hollow metal cylinder, 20°* long and 8™* in diameter. It was 
joined to a binding post, B, of the transformer secondary by a 
wire 40°™* long. hen it was desired to join B to earth the 
—— was securely bound to a large metal plate, which, 
along with other metal sheets, was connected to the heating- 
radiator. When employing a wire similar to the antenna to 
balance it, this wire was joined to B and, as in the experiments 
described above, was drawn up towards the ceiling. 

In supplying the apparatas the makers stated that it was 
designed to emit waves of length 10 meters. It was very con- 
stant in its action and easy to handle. 

An extended series of observations was made with antennez 
varying from 200 to 1000™*, and with four different attach 
ments to the end B of the transmitter transformer, as follows : 

A. With cylinder joined by a wire 40™* long. 

B. With earth joined to this cylinder. 

C. With a wire similar to the antenna joined to B. 

D. With the end B free. 

A view of the results obtained is given in Table II, and figs. 
6, 7, 8, 9. : 

TABLE II. 
Inductive Method. 


Length | | in cms., of minima from free of 1 wire. 


of | A. With 5 
antenna. cylinder | B. With earth C. With equal D. With end 
i | connection. | wire. free, 


“140 


(70), (190). None 
None 
148 
160, (280 %) 
183 
| 186, (520) (520) 2 167, (415) 
188, (637) | 180 148, 617 
191, (745) 200 
200, (790) | 200, (380), (790) | 193, (790) 
| 180, (320) | 208, (800), (920) 180, (860) 


| 188-4 | 198 | 184-1 
| Mean of 184°4, 198, 184° 1 = 188-5em, 


On examination it will be seen that the curves obtained by 
the three methods, A, B, ©, are hardly distinguishable from 
*See discussion on a paper by M. Wien, read before the 74, Versamm- 


lung deutscher Naturforscher und Aerzte at Carlsbad, Sept., 1902.—Phys. 
Zeit., Oct., 1902. 
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each other. Those with method D differ from these some- 
what. 
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In A, B, CO, there is a gradual fall from the free end to the 
other, which gives the fundamental of the wire itself; but 


scenes: 
{ 
j 
t 

| 
) 


Transmitting Antenna in Wireless Telegraphy. 11 


superposed on this and more prominent than it, is another 
oscillation very definitely formed as far as the first minimum. 
This is unquestionably due to the oscillation of the condenser 


+H 


+ 


+H ese 


(ee 
++ 


circuit, and the distance from the free erid to the minimum is 
a quarter-wave-length of it. 

ith wires of lengths 225 and 250°" in disposition CO, 
there is to be seen only the fundamental of the wire, while 
with length 300™* in dispositions A and the minimum 
appears abnormally displaced. The curves in these last two 
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cases are not so smoothly formed and are not considered in the 
calculation of the means given in Table II. The mean of the 


HH 


three means given in the Table is 188°5°™*, which I take to be 
quarter-wave-length of the condenser circuit oscillation. 

The curves obtained with disposition D, shown in fig. 9, 
differ somewhat from the others. Here the variation of poten- 
tial at the end joined to the transformer is almost as great as 
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that at the free end. This is due, without doubt, to the fact 
that the antenna and transformer secondary together compose a 
single conductor, and the fundamental oscillation would have 
a potential loop at each end. But the chief minimum shows a 
rather remarkable variation. As the length of the antenna 
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wer 
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+ 
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ase 
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+4 


is increased the distance of the minimum from the free end 
increases until it reaches its greatest value with a wire 500° long, 
and then it decreases. The reason for this is not very evident, 
but it seems that in this disposition the reaction of the secondary 
of the transformer upon the primary varies with the length 
of the antenna joined to it, thus altering its frequency, the 
greatest change being when the wire is 500™* long. With 
antenna of this length the readings were the highest of the 


+ 
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series, and the quarter-wave-length deduced from the curve 
approximately the same as that obtained in the dispositions A, 


As has been already remarked, the curves are very clearly 


defined. The successive sets of readings agree remarkably well, 
but yet it was impossible to get a second mimimum at a distance 
of three-quarters of a wave-length from the end. This is not 
what was looked for with this transmitter. One would expect 
the condenser circuit, with its persistent oscillations, to keep up 
perfect standing waves in a wire in resonance with it, but with 
no length used was this satisfactorily exhibited. 

The waves radiated from the wire, no matter what its length, 
have the frequency of the condenser circuit, and also, to a 
smaller degree, that of the fundamental of the wire. Over- 
tones are scarcely noticeable. 

From my experiments it must be concluded that the earth 
connection does not injuriously affect the form of the oscillation 
about the antenna; indeed, the curves obtained with disposition 
B are rather more uniform than those with the others. The 
earth connection, however, assuredly has influence in other 
ways. I believe ali systems of wireless telegraphy except the 
Braun and the Lodge-Muirhead* join both transmitter and 
receiver to earth; and, according to Jackson,+ severing the 
earth connection reduced the signalling distance by 85 per 
cent. The action of the earth must be that of guiding the 
waves, thus allowing them to pass over obstacles such as the 
bulging-out of the earth’s surface. The explanation given by 
Taylort seems the most satisfactory. 

This explanation is very similar to that suggested by Lecher,§$ 
and to that by Heaviside.| More recently Képsel¥ has put 
forward the view that in Marconi’s long-distance transmission 
the earthing wire and earth capacity form a system in partial 
if not in entire resonance with the antenna. There may have 
been some such effect in the transatlantic experiments, but 
such can hardly be the case in the numerous experiments by 
other workers who find ground connection necessary to success. 

*See Nature, vol. lxviii, p. 247, July 16, 1903; N. Y. Electrical Wozld 
and eg vol. xlii, p. 18, Aug. 1908. 

+H. B . Jackson, Proc. R. S.. 1xx, p. 254, 1902. 

tJ. E. Taylor, Lond. ‘Electrical Review, May, 1899. Seealso L. de Forest, 
N. Y. Electrical World and Engineer, May 17, 1902 ; Prasch, Die drahtlose 
Telegraphie (Stuttgart, 1900), p. 65. 

(See, however, a communication on Theories in Wireless Telegraphy in N. 
Y. El. W. & E., Oct. 31, 1903, by R. A. Fessenden.—Note added on correct- 
ing proof.) 

§ E. Lecher, Phys. Zeitschrift, iii, p. 18, 1902 ; iv, p. 320, 1908. 

— Electromagnetic Theory, i, $60; ii, § 398. See preface to 
vol, 11. 

4] A. Kipsel, Dingler’s Polytechnisches Journal, June, 1903 ; abstracted in 
N. Y. Electrical World and Engineer, Aug. 29, 1903. 
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Method of Direct Excitation (Slaby-Arco). 


In the method of directly exciting the oscillations, one point 
of the condenser circuit is joined to the antenna, another point 
to earth. 

A diagram of the connections is shown in fig. 10.* A and 
B are the terminal binding posts of the secondary of the induc- 


tion coil, the distance between them being 22%. The spark- 
knobs, K, K were 16°5"™ in diameter and the spark-length was 
from 1 to 2™™. The Leyden jar had a mean diameter of 5°7™*, 
with walls about 4™" thick. The coatings were 10° in height 
and of area about 180% °™*, The lengths of the various parts 
of the circuit are indicated on the figure, the entire condenser 
circuit having a length of approximately 


53+ 23+22423°5+16 = 137°5™*. 


The wire CD wrapped about the jar was heavily insulated and 
consisted of 24 turns. This corresponds to Slaby’s “syntoniz- 
ing coil,” though, of course, it was not used for syntonization 
in my experiments. The turns were about 2°* apart, so that 
its self-induction was practically the same as that of an equal 
length of straight wire. It was put in this form, however, 
through a desire to have the arrangement as nearly as possible 
like that used in actual practice.t+ 

It will be seen that 75°"* of the closed condenser circuit are 
_a part of the open antenna circuit. According to Braun,t the 
larger this portion of the condenser included in the antenna 
is, the better will be the effect, and it performs a rédle other 
than simply as a portion of the antenna. 

Four different arrangements were employed to balance the 
antenna wire. 

* The arrangement was taken from that described by the Allgemeine Elek- 
tricitiits Gesellschaft in their circular regarding the Slaby-Arco system, 1902. 
See also Boulanger et Ferrié, Télégraphie sans Fil, p. 156, 4th ed., 1902. 

¢ Several good illustrations of the latest apparatus are given in C. Arldt, 
Die Funkentelegraphie, pages 48-51 (Leipzig, 1908). 

¢F. Braun, Ann. der Physik., viii, p. 199, 1902. 
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A. The cylinder capacity used in the experiments with the 
Braun transmitter was connected to the condenser circuit at a, 
the length of the wire ad being 40™*. Thus the length from 
this capacity to the end D, of the antenna, was 40+75 = 115°", 
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B. The point a was joined to earth (the same as above), the 
wire ab being 25° long. In this case the length of the con- 
ductor between earth and D was 75+25 = 100™. 

C. To a@ was attached a wire precisely similar to that used 
as antenna. Here the two wires were joined by 75™* of the 
condenser circuit. As before, the balancing wire was drawn 
up in a vertical direction towards the ceiling. 
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D. The same as B, except that between a and 6 an induet- 
ance coil was inserted. This coil was of heavily-insulated 
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wire, the conductor having a diameter of 2™", the diameter 
over all being 7™™. There were 4 turns lying close together, 
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with a total length of 82°. The object was, of course, to see 
if there would be any evidence obtained of the wave-length 


18 


being increased by inserting this inductance coil at the base of 
the antenna. In this case the length of the conductor from D 
to earth was 75+82+25 = 182™*, though the inductance coil, 
itself, would probably be equivalent to 200°* of straight wire. 
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A view of the results obtained on using wires varying in 
length from 200 to 1000™* and the four experimental disposi- 
tions just_ described is given in Table III and the curves of 
figs. 11, 12, 13, 14. 

14 


It is seen that the curves obtained with disposition A (fig. 
11) are of a different type from those with the three other 
dispositions. In these latter there is always a gradual but 
decided drop of potential-variation from the free end of the 
wire, that is, the fundamental of the wire is very intense, 
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TABLE III, 
Method of Direct Excitation. 


C. With 
equal wire. | spool and earth. 


(60), 160 

(90). None 

120, 360 /(120), (205). None|105. None (80, 230, 380 

106, 280, 455 (120), 215 (125), 198 (120), (200), (820) 

100, 290, (435), prone None ‘None 

(545 

110, 800, (580) |100, 300, 500. (120). None |(58), (170), (280), 

None (420). None 


100, (300), (518), |(120). None \None ‘None 
(650 


90, 310, 495 ((200). None None (140, (62, (740). 
| None 

(160). None  |(100), (220), (700 None 100), (220). None 
though the curves show other oscillations superposed. With 
disposition A this strong fundamental is absent, and the minima 
present are undoubtedly due to the oscillations impressed on 
the wire by the condenser circuit. All through this series will 
be seen a minimum occurring at approximately 100™* from the 
free end of the wire, and in many cases one or two other 
minima spaced at approximately 200%* apart. The same 
minima appear in disposition B with wire 700™* long, and C 
with wire 

The mean value of the wave-length is 404™*, calculated as 
follows : 


a 
Wire 
200°m™s 
240°ms 
240°" 
190°™* 
190°™5 
185°™* 
200°™5 
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The curves in B and C (figs. 11, 12) are very similar, from 
which it is to be concluded that the simple earth connection is 
equivalent to a wire similar to the antenna, or, as already indi- 
cated in previous experiments, the earth acts as a mirror. 

The curves in D (fig. 14) are not so regular in their form as 
those in B and ©. There is a gradual fall of potential, but 
the fundamental is not so intense as in the others, and there is 
a superposition of other oscillations. This agrees with the 
statement of de Forest* that with this arrangement there is 
liability to overtones. It is to be observed, too, that here 
again the disturbance is produced at some distance from the 
earth end. 

It is to be noted that none of the curves in A is similar to 
any in ©. From this it follows that though as far as the fre- 
quency of the oscillations in an open circuit is concerned, a 
‘apacity may replace an inductance, still the form of the oscil- 
lations is quite different in the two cases. 

Thus the direct method is in general result similar to the 
simple system, but it is more regular and more powerful. 
According to Wient+ the radiation is 13 times as intense as that 
of the simple radiator. 


IIL. Conclusions. 

The following conclusions seem to follow from my experi- 
ments : 

1. In the simple Marconi method and the method of direct 
excitation, when the antenna is joined to earth, the effect is 
similar to using a wire the same as the antenna to balance it ; 
that is, considered from an optical point of view, the earth 
acts as a plane mirror. 

2. In these conditions the chief oscillation is the funda- 
mental of the antenna, with wave-length four times its length. 
The condenser cireuit in the method of direct excitation 
impresses its wave-length on the antenna, but its oscillations 
are not nearly so intense as those proper to the antenna itself. 
Thus the manner of oscillation is essentially the same in the 
two methods, but the latter is more regular and powerful than 
the former. 

3. In the inductive method of excitation, on the other hand, 
the prominent feature of the oscillations is that one due to the 
condenser circuit. With antenne of different lengths there is 
little change in this oscillation, the curve indicating it being 
decided and definite; but only one quarter of its wave-length 
is shown. This may be due to the great losses from radiation 
by the wire. The fundamental proper to the antenna is also 


*L, de Forest, N. Y. Electrical World and Engineer, May 17, 1902. 
+M. Wien, Ann. der Physik, viii, p. 686, 1902. 
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present, but it is not uearly so intense as in either of the other 
two systems. 

4. The most effective length of the antenna, therefore, is 
one quarter-wave-length, not a higher multiple. 

5. When inductance is inserted between the condenser cir- 
cuit and the earth the fundamental oscillation is not so regular 
or intense, other oscillations (overtones) being superposed. 

6. For the production of oscillations by the direct method a 
small capacity cannot satisfactorily balance the antenna; in the 
inductive method, however, a capacity acts like an earth con- 
nection or a similar wire. 


1V. Continuation of Former Investigation. 

In the previous experiments with Hertzian plate oscillators 
of various sizes and with wires ranging in length from 300 to 
860°""*, there was usually one “ chief” minimum of potential- 
variation between 100 and 200™* from the free end, and 
always a marked one about 10 or 15°™* from the other end of 
the wire. It was hoped that by employing longer wires the 
phenomena of standing waves would be much better exhibited, 
and that several “chief” minima would be shown. Such, 
however, has not proved to be the case. Wires 2050 and 
4090s long were carefully explored, the action on the wire 
being produced by means of an oscillator having plates 40°™* 
square and the straight connection between 60°* long, but the 
only unmistakable minimum was approximately 150%™* from 
the free end, the same as was perfectly formed with wires 
from 300™* upwards. 

Some evidence was obtained as to the cause of the marked 
minimum near the other end of the wire. It is due to the 
direct action of the oscillator on the detector. As described 
in the other paper, an attempt had been made to allow for this 
direct action by taking the reading when the wire was in place 
and also when it was removed, and then subtracting the latter 
from the former. This assumes that the two effects are quite 
independent, but such seems hardly to be the case. In the 
former experiments the detector lay in a horizontal plane on 
the top of a carriage which was moved along the wire. Thus 
the detector’s length was parallel to that of the oscillator, 
though the little wing was perpendicular to it. As described 
in Part II of the present paper, the detector was now hung in 
a vertical plane from the wire, so that its length was perpen- 
dicular to the axis of the oscillator. With this arrangement 
the minimum disappeared, thus showing that it had been pro- 
duced by the direct action of the oscillator on the detector. 
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Art. II.—Studies of Eocene Mammalia in the Marsh 
Collection, Peabody Museum ; by J. L. Wortmay. 


[Continued from vol. xvi, p. 368.] 


SusBorRDER ANTHROPOIDRA. 


In a previous part of the present work, I have given the 
characters by which this suborder is distinguished from the 
Cheiromyoidea and the Lemuroidea. I have likewise proposed 
and defined three divisions of the Anthropoidea, of which Zar- 
sius and its allies constitute the first (Paleopithecini), the liv- 
ing marmosets the second (Arctopithecini), and the remaining 
higher Primates the third (Neopithecini). Of the twelve or 
more species of the Anthropoidea now known to occur in the 
Bridger, the organization of at least three can be determined 
with some degree of satisfaction from the material now at hand. 
This information is not limited to any one part, but includes 
nearly every portion of the skeletal structure. It is reasonably 
clear, therefore, that these three species are primitive members 
of the Neopithecine division of the Anthropoidea. In like 
manner, the skull of the Wasatch species—the so-called Anap- 
tomorphus homunculus—is sufficiently complete and well pre- 
served to show that it is a very near relative of the living East 
Indian Yarsius, and hence a member of the Paleopithecini. 
The remaining nine or more species from the Bridger are 
represented mostly by teeth alone, and it is therefore not an 
easy matter to decide correctly to which of the three groups 
these forms belong. 

As regards the Arctopithecini, or the living marmosets, our 
knowledge is confined almost exclusively to the existing species. 
It has been already noted that some of their characters are 
unique among the Primates. Whether the lack of opposa- 
bility of the pollex and hallux is to be looked upon as a degen- 
eration from a former more perfect condition of prehensility 
of the extremities, or whether it represents a stage in the 
process of acquirement of the opposability of these digits, can 
not now be determined. It is worthy of note, however, that 
the internal cuneiform and the proximal end of the articu- 
lating metapodial resemble the corresponding parts of the 
lemurs and monkeys much more than those of any other ani- 
mal; and, notwithstanding the lack of opposability, this like- 
ness would be sufficiently close to indicate their ordinal position 
did we know the marmosets from their skeletons alone. There 
are at the same time some peculiarities in the make-up of these 
bones, which would lead the cautious anatomist to hesitate in 
pronouncing upon the opposability of the hallux, especially if 
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he were to take into consideration the clawed condition of all 
the digits. The habits of the marmosets, while as strictly and 
completely arboreal as in any of the Primates, resemble those 
of the squirrels more than those of the monkeys proper. Accord- 
ing to Bates, who had excellent opportunities for observing 
them in their native forests, the Negro Tamarin (Midas ursu- 
lus) confines itself mostly to the larger branches, and is fre- 
quently seen passing up the perpendicular trunks, clinging to 
the bark with its claws in a manner not dissimilar to that of 
the squirrels. This method of climbing is doubtless true of all 
the marmosets, and the lack of opposability of the hallux and 
pollex is correlated with the possession of sharp compressed 
claws instead of flattened nails. 

The tritubercular upper molars furnish another character of 
considerable importance in determining the relationship of the 
marmosets to the other groups. No Primate of the Eocene is 
known to possess fully quadritubercular molars. Some of the 
Adapide have a rudimental fourth cusp, but the crown can 
not be said to be as fully quadritubercular as that of the higher 
modern apes. By far the greater number of the species have 
simple tritubercular upper molars, and with the exception of 
the marmosets and Zarszus all the modern representatives of 
the Anthropoidea have four fully developed cusps. It follows, 
therefore, that these two groups are survivals from this early 
condition of the tritubercular stage of development of the 
molars, and that their detachment from the main axis could 
not have taken place later than the Eocene. The loss of the 
last molar in the marmosets, while unusual for a Primate, has 
clearly taken place since that time, as in the Eocene all the 
known species have three fully developed molars. There is 
still another feature of importance exhibited by certain of the 
marmosets, which is worthy of notice. Forsyth Major found 
that, out of nineteen skulls of Hapale examined, in six the 
lachrymal extends beyond the orbit to such an extent as to join 
the nasal and exclude contact between the maxillary and 
frontal.* This is also true of two skulls of this genus in the 
Peabody Museum, and I am satisfied that this more primitive 
condition of the lachrymal is by no means of infrequent occur- 
rence among these species of marmosets. These features are 
associated with a characteristic lack of depth of the lower jaw, 
a subglobular form of the condyles, and small size of the lower 
canines, which do not exceed the incisors, all of which consti- 
tute so many steps in the a proximation to certain of the 
Paleopithecine apes of the Eocene. Upon the whole, I am 
fully persuaded that the ancestors of the marmosets must be 
sought for among the members of this latter group, and that 


* Proc. Zool. Soc. London, Feb. 19, 1901, p. 146. 
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they had not departed very widely from the parent stock at 
the close of the Eocene. One of the earliest recognizable 
characters in the dentition by which they can be distinguished 
will undoubtedly be found in the reduction in the last molar. 
It is doubtful, moreover, whether in the history of this phylum 
the hallux and pollex have ever been opposable. 


‘Section PALEOPITHECINI. 


Tarsius spectrum is the only living member of this group, 
and on this account its skeletal organization has an unusual 
interest for the paleontologist. In many particulars it still 
retains the generalized features which characterized its 
Eocene ancestors, while in others it has added some strue- 
tural modifications, due doubtless to adaptation to slightly 
different modes of life. These characters relate to the loss of 
one pair of lower incisors, the development of a bony partition 
between the orbital and temporal fossv, the reduction of the 
fibula and its codssification with the tibia, the grooving and 
broadening of the astragalus, and lastly the great elongation of 
the caleaneum and navicular. These modifications of the hind 
limbs are evidently in relation with, and the result of, saltatory 
habits, since Zarsius in common with all the lemurs having 
elongate tarsals is a powerful leaper. 

The arboreal habits of the Primates have prevented in large 
measure the development of any great cursorial powers on the 
part of any of the species, but the habit of leaping from branch 
to branch has proved of manifest advantage to some of them 
in the capture of their prey, for in a number of the living 
species of lemurs this habit is almost as pronounced and highly 
developed as in certain groups of the Rodentia, the kangaroos, 
and others. According to Mr. Bartlett, late Superintendent 
of the London Zoological Gardens, Garnett’s Galago is an 
especially active leaper. In speaking of this species, in a let- 
ter to Duncan quoted in Cassell’s Natural History, Vol. I, p. 
215, he says: “ The other night I took an opportunity of letting 
one of these interesting creatures—Garnett’s Galago—have his 
liberty in my room, and I assure you I was well repaid by his per- 
formance. Judge my utter astonishment to see him on the floor, 
jumping about upright like a Kangaroo, only with much greater 
speed and intelligence. The little one sprung from the ground 
on to the legs of tables, arms of chairs, and indeed on to any 
piece of furniture in the room; in fact, he was more like a 
sprite that the best pantomimist I ever saw. What surprised 
me most was his entire want of fear of Dogs and Cats. These 
he boldly met and jumped on at once, and in the most playful 
manner hugged and tumbled about with them, rolling over 
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and over, hanging on their tails, licking them on the head and 
face» I must add, however, that now and again he gave them 
a sharp bite, and then bounded off, full of fun at the noise 
they made in consequence of the sly nip he had inflicted. This 
active trickery he never appeared to tire of ; and I was myself 
so pleased on witnessing the droll antics of the creature that 
the night passed and it was near daybreak before I put a stop 
to his frolics by catching and consigning him to his cage. In 
bounding about on the level ground, his jumps, on the hind- 
legs only, are very astonishing, at least several feet at a spring, 
and with a rapidity that requires the utmost attention to follow. 
From the back of a chair he sprang, with the greatest ease, on 
to the table, four feet distance.” 

The other species of Galago, as well as those of the Mada- 
gascar Cheirogaleus, also exhibit much activity, and have the 
power of leaping great distances in proportion to their gen- 
erally diminutive size. Duncan says of the Senegal Galago 
(Galago senegalensis) :* “Tt pursues Beetles, Sphinges, and 
Moths with great ardour, even while they are on the wing, 
making prodigious bounds at them, and often leaping right 
upwards to seize them. Should it by chance miss its object and 
accidentally fall from the branch to the ground, it re-ascends 
with the rapidity of flight to renew the hunt.” 

Tarsius is also a powerful leaper for so small an animal, and 
although not larger than a small common squirrel is said to 
make prodigious springs, both in the branches of the trees and 
on the ground, in pursuit of its prey. 

Among many other groups of Mammalia, the leaping habit 
is by no means uncommon, and as a result important structural 
changes in the limbs are to be met with. In all such cases, 
however, if any modification of the hind limbs takes place in 
response to this mode of progression, it is almost without excep- 
tion the metatarsus alone that is affected. Thus, among those 
forms of Rodentia in which the saltatory habit is most highly 
developed, as the Jerboas, the Cape Jumping Hare, and others, 
the metatarsals are greatly elongated and modified. The same 
is true of the characteristic leapers among the marsupials, as 
exemplified by the kangaroos and their allies. The develop- 
ment of this habit in certain of the Primates, however, has 
affected, not the metatarsals, but the tarsals, and the elongation 
is found in the caleaneum and navicular. This arrangement is 
unique among the Mammalia, and occurs in no other group of 
except the Batrachia, notably the tree-frogs, as 
was long ago pointed out by Huxley.t 

The cause for this modification of the tarsal bones to the 


* Loc. cit., p. 238. 
+The Anatomy of Vertebrated Animals, 1872, p. 389. 
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exclusion of the metatarsals is not certain, but it is in all proba- 
bility in some way associated with the retention of the oppos- 

able hallux in the development of the elongated pes. It is of 
interest to note just here that the fourth digit of all those 
Primates with elongated tarsals is very perceptibly the longest 
and strongest of the series, more so, in fact, than in those 
species in which the tarsals are not elongated. It is all but 
certain that if this modification were to continue in an exclu- 
sively terrestrial habitat long enough to cause the opposable 
hallux to disappear, the fourth digit would become enlarged 
and modified, as in the kangaroos and their allies. The chief 
differences would, of course, be in the elements elongated. 
The shifting of the axis to the outside and the specialization of 
the fourth digit are the strongest possible proof that the foot 
of the kangaroo has been derived from an ancestral typé in 
which the hallux was fully opposable, and hence indicating an 
arboreal habitat for its possessor. TZarsius is the most highly 
modified of all the Primates with respect to the elongation of 
the tarsals, as is shown by the reduction in size and the codssifica- 
tion of the fibula with the tibia, as well as in the grooving and 
broadening of the astragalus. It is in this species that the 
preponderance in the length and strength of the fourth digit 
over its fellows is greatest. 

Of the known representatives of Eocene Primates in North 
America, there are no less than six or seven genera, including 
at least twelve species, which are more or less closely related 
to Zarsius. The skull is known in two of these species only, 
the remainder being represented by teeth and jaws exclusively. 
On account of the incompleteness of many of these remains it 
is quite impossible to determine whether they are members of 
the Paleopithecini or Neopithecini. It will require a knowl- 
edge of the relations of the lachrymal, as well as of the struc- 
ture of the limbs, before these points can be finally determined. 
That they do not belong in the Lemuroidea is shown by the 
characters of the lower incisors and canines, which are known 
in all the species with the exception of one or two. As a mere 
matter of convenience in grouping, I arrange a number of these 
species temporarily in the Paleopithecini. In so doing, how- 
ever, I wish to state distinctly that there are very good 
reasons for regarding some of them, at least, as true monkeys, 
directly: ancestral to certain of the living South American 
forms. This will be further discussed under the descriptions 
of the species. 

The divisions of these species of Primates into family and 
subfamily groups is in the present state of our knowledge 
attended with much difficulty. In one series including the 
genera Omomys, Hemiacodon, and probably Luryacodon also, 
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there are nine teeth in the lower jaw, which with little doubt 
are to be interpreted as two incisors, one canine, three premo- 
lars, and three molars. In another series which includes Anap- 
tomorphus, Washakius, Necrolemur, and presumably Micro- 
cherus, there are only eight teeth in the lower jaw, as in 
Tarsius. In this latter genus, the missing tooth is known to 
be an incisor, and it is almost equally certain that in Anapto- 
morphus it is a premolar. In ecrolemur, although perfect 
lower jaws bearing the full inferior dentition are kaown, it is 

uite impossible correctly to assign the teeth in the front of 
the jaw to their proper categories. In the case of Washakius, 
if the total number of teeth is correctly determined to be eight 
in each lower jaw, then it is reasonably certain that the missing 
tooth is an incisor, as in Zarsius. Just what significance is to 
be attached to those differences can not now be properly esti- 
mated, but if among the living Lemuroidea the presence or 
absence of one tooth does not indicate more than a subfamily 
distinction, I fail to see why such a character should be 
regarded as of greater importance among the extinct forms. 
It has been customary with some authors to associate Micro- 
cherus and Necrolemur in a separate family, and remove them 
from the American species, on account of the complexity and 
more advanced character of their teeth. It has, in fact, been 
insisted upon by Leche* that they belong to the Lemuroidea. 
If, however, the carotid circulation is like that of Tarsius, they, 
with the American forms, probably belong in the Paleopithe- 
cini; and the complexity of their teeth will no more entitle 
them to distinct family rank than that of the Indrisinze would 
cause them to be classified as a separate family of the Lemu- 
roidea. The differences in tooth structure between Vecrolemur 
and Hemiacodon are not as great as they are between Propi- 
thecus and Lemur.+ I therefore provisionally arrange these 
extinct forms in a single family Anaptomorphide, with at least 
two well-marked subfamily divisions. There can be no doubt 
apparently that Zarsiws, by reason of the modification of its 
hind limbs and because of other modernized features, should 
be placed in a distinct family. 

* Untersuchungen ueber das Zahnsystem lebender und fossiler Halbaffen. 
Festschrift fiir Carl Gegenbaur, Leipzig, 1896. 

+ That Necrolemur and Microcherus exhibit some striking resemblances 
to the Indrisinze among the Lemuroidea, however, is certain, and it may well 
be that in these forms we have the ancestors of this group of lemurs and a 


true transition from the more or less upright position of the lower incisors 
to that of the procumbent implantation. 
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Family Anaptomorphide. 
The family is divisible into two subfamilies, as follows : 


Nine teeth in the lower jaw. Omomyine. 
Eight teeth in the lower jaw. Anaptomorphine. 


Subfamily Omomyine. 


The genera of this subfamily are distinguished by the fol- 
lowing characters : 


Lower molars having three cusps on trigon, the anterior cusp 
of the last molar not being as distinct as that of the others ; heel 
of last molar with three cusps; first and second molars narrow in 
front, with wider heel ; last molar slightly smaller than first and 
second, with heel very little wider than trigon ; fourth lower pre- 
molar with small internal cusp and an indistinct heel ; third lower 
premolar without internal cusp or heel, but having a pointed 
crown whose summit rises above the crowns of the other teeth ; 
canine larger than incisors or second premolar; neither first nor 
second incisor enlarged; superior molars tritubercular, with 
rounded external angles, and but moderately extended trans- 
versely ; intermediates faint or absent; a rudimental postero- 
internal cusp present on first, less distinct on second, and absent 
on third molar ; first and second molars subequal, third slightly 
smaller. Omomys. 

Lower molars having three cusps on trigon, the anterior of the 
third being least distinct ; heel of last molar with three cusps ; 
first and second molars narrow in front, with broader heel ; last 
molar longer but narrower than first and second, with heel very 
little wider than trigon ; fourth inferior premolar with strong 
internal cusp and distinct heel; third premolar with rudimental 
internal cusp and heel; summit of crown not high and pointed as 
in Omomys ; second premolar, canine, and external incisor small 
and of equal size ; first incisor enlarged ; superior molars trituber- 
cular, with squarish outline externally, and with intermediates 
very distinct ; a small distinct postero-internal cusp on first and 
second molars, but absent on third ; a strong cingulum continued 
around inside of crown, and developing an additional cusp at the 
antero-external angle of the crown. Hemiacodon. 

Lower molars having three cusps on trigon, the anterior cusp 
of the last molar being absent; heel of last molar without distinct 
internal cusp ; first and second molars without much disparity in 
width between trigon and heel ; last molar narrow and reduced ; 
tee oe incisors, and canines unknown ; superior molars tritu- 

ercular, with rounded external angles; intermediates small, but 
distinct ; a posterv-internal cusp on crown of second molar; cingu- 
lum continued around in front, developing a small cusp internal 

to the main internal cusp; last molar considerably reduced. 
Euryacodon. 
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Omomys Carteri Leidy. 


Omomys Carteri Leidy, Proc. Acad. Nat. Sci. Phila., April, 1869, and 
Extinct Fauna of Dakota and Nebraska, 1869, p. 408, pl. xxix, figs. 13, 14; 
Hemiacodon nanus Marsh, this Journal, August 13, i872, p. 218 ; Paleaco- 
don vagus Marsh, this Journal, September, 1872, p. "924. 


The type of this genus and species consists of a right man- 
dibular ramus containing the third and fourth premolars 
and the first and second molars, together with the alveoli of all 
the remaining teeth of one side of the jaw. The specimen was 
found by the late Dr. J. Van A. Carter, near Grizzly Buttes, 
in the Bridger Basin, and is preserved in the collection of the 
Philadelphia Academy. A comparison of the type of Hemiac- 
odon nanus with Leidy’s-very excellent figure, as well as with 
Osborn’s outline drawing from a photograph of the type of 
Omomys Carteri, renders it perfectly dear that the two are 
not only generically but specifically identical. Another type 
which in all probability belongs to this species is Palwacodon 
vagus. This latter consists of three superior molars of the 
right side in perfect condition. In no specimen of the fifty or 
more individuals of Omomys Carteri contained in the Marsh 
collection are there upper and lower teeth in association, and I 
base my opinion that these superior molars of Paleacodon 
vagus are the upper teeth of O. Cartert upon the following 
considerations : In a closely allied species of the same genus, 
0. pucilius, in my own collection, there are upper and lower 
teeth which were found together in such a way as to render it 
reasonably certain that they belong to the same individual ; 
there is a decided resemblance between the structure of the 
corresponding teeth of the two forms ; in size the teeth of P. 
vagus correspond almost exactly with what the upper teeth of 
O. Carteri me be, as indicated by the relative measure- 
ments of the upper and lower teeth of Hemiacodon gracilis, 
Tarsius spectrum, and Anaptomorphus homunculus, in all of 
which the upper teeth are known; they do not agree in size 
with the lower teeth of any other known species of Bridger 
Primate. I therefore conclude that the type of Paleacodon 
vagus refers to the upper teeth of Omomys Carteri. 


Description of the Type of Hemiacodon nanus. 


The specimen pay which Professor Marsh established this 


species. consists of a fragment of a right mandibular ramus, 
figure 120, containing the fourth premolar and all three molars 
in perfect preservation. The crown of the fourth premolar 
when seen from above has a somewhat squarish outline, slightly 
wider behind than in front, and is composed of a main central 
pointed cusp which arises a little above the level of the cusps of 
the molars. Upon the outside this cusp is convex, and internally 
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somewhat concave. A sharp ridge descends from the apex of 
the main cusp in front, curving gently inward to terminate at 
the base of the crown in a small, though distinct, anterior cusp 
developed from the cingulum. Posteriorly the principal cusp 
is flattened in such a manner as to present a triangular face 
looking upward and backward. Upon the descending ridge 
forming the inner border of this triangular area is a small, but 
distinct, internal cusp, which stands internal and posterior to 
the main cusp. The posterior face of the crown descends 
steeply to an indistinct ledge at the base, which is the rudiment 
of the heel. There are no additional cusps developed, however, 
in this situation, and the heel may be said to be practically 
rudimental or absent. It is a matter of importance to note the 
relations of the cusps, since they serve to explain the struc- 
ture of the succeeding molars. There is a slight cingulum 
surrounding the base of the crown in front. 

The first and second molars are 
of nearly equal size, and like those 
of so many other primitive Primates 
their crowns are composed of an 
anterior, narrow, triangular portion 
bearing three cusps—the trigon, 
and a broader posterior basin-shaped 
moiety—the heel. Thetrigonofthe _Ficure 120.—Fragment of a 
first molar is most distinct, and the T8bt lower jaw of Omomys Car- 

teri Leidy (type of Hemiacodon 
three subequal cusps are arranged janus Marsh): inside view ; two 
in the form of an equilateral tri- and one-half times natural size. 
angle. If the external cusp is taken 
as the apex, the base coincides almost exactly with the tooth 
line. It results from this arrangement that the internal cusp 
is situated posterior and internal to the external cusp, which 
corresponds to, and is strictly homologous .with, the main cusp 
of the premolar in advance. The anterior cusp of the trigon 
is well developed, of a distinctly conical form, and projects 
slightly forward in advance of the crown. The heel broadens 
rapidly, and is composed of a large V-shaped external, and 
a smaller, more or less conical, internal cusp, inclosing a 
depression or valley. This valley is completed behind by 
two ridges passing inward and backward from the two cusps 
of the heel. At the angular point where these two arms meet, 
a slight swelling of the enamel occurs, which may be spoken 
of as an additional cusp. 

The second molar differs but little from the first, the only 
noticeable variation being that the anterior cusp of the trigon 
is considerably smaller, less conical, and occupies a more pos- 
terior position. The external and internal cusps of the trigon 
are likewise more nearly opposite each other, or transverse to 
the long axis of the jaw. 


32 Wortman—Studies of Eocene Mammalia in the 


The third molar differs from the two in advance of it in 
showing a still further reduction of the anterior cusp of the 
trigon, which can hardly be said to be distinct, as well as the 
presence of a well-developed third cusp and a more elongated 
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FicgurE 121.—Left lower jaw of Omomys Carteri Leidy; showing the 
alveoli for front teeth ; external view ; two and one-half times natural size ; 
drawn from two specimens, 

FicurE 122.—Crown view of the preceding figure ; two and one-half times 
natural size. 


heel. It is also noticeably narrower, and in many respects dis- 
tinctly smaller, than the anterior molars. The heel has a large 
submedian cusp, which stands a little nearer to the inner than 
to the outer side of the crown. 

From the great number of additional specimens of this 
species in the collection, it is possible to learn the exact dental 
formula of the lower jaw, which is shown in the accompany- 


Fieure 123.—Crown view of three superior molars of Omomys Carteri 
Leidy (type of Paleacodon vagus Marsh); four times natural size. 

The cingular cuspule internal to the main antero-internal cusp of the first 
molar is worn away in the specimen, and has not been indicated by the 
artist with sufficient distinctness. The external cusps are more flattened 
externally than is shown in the drawing. 


ing cuts, figures 121 and 122. There is no specimen in which 
the crowns of the incisors, canines, or first (second) premolar 
are preserved, but that of the second (third) is shown in sev- 
eral examples. Its chief characters are as follows: 

There is a single high pointed cusp, which rises consider- 
ably above the remaining teeth; there is no internal nor ante- 
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rior cusp; the heel is little developed, and there is a faint 
indication of a cingulum in front. 

The premolar in advance of this, which is really the second 
according to the proper enumeration, has a single fang dis- 
tinctly smaller than that of the canine. The two incisors, as 
determined by their alveoli, were also smaller than the canine, 
and had an erect position as in the monkeys, not procumbent as 
in the lemurs. In one specimen, the first is shown to be a 
little larger than the second, as in some monkeys. The 
mandibular rami were never codssitfied. 


Description of the Type of Paleacodon vagus. 


Of the upper teeth, the molars, figure 123, alone are known, 
if my determination that those of P. vagus refer to Omomys 
Carteri is correct. From what has just been said, I think 
there can be little doubt of this. The first molar is the largest 
of the series, and its more or less rectangular crown is made up 
of three principal cusps arranged in the form of a triangle, of 
which two are external and one is internal. The external cusps 
are imperfectly conical, slightly flattened un the outside, and 
connected with the internal by two distinct ridges (the trigonal 
ridges), upon which near the middle are developed two small, 
indistinct, intermediate cusps. The large esi pond is imper- 
fectly V-shaped, and around the inner side of its base there is 
a strong cingulum. Posterior and internal to this cusp, the 
cingulum develops a considerable swelling, which is the begin- 
ning of the posterior internal cusp of the higher, monkeys. It 
is built out in such a way as to give a decidedly rectangular 
appearance to this part of the outline of the crown. This 
aspect is augmented by the unusual development of the 
cingulum at the antero-internal angle, where it likewise devel- 
ops a small, though distinct cusp. In the second molar, which 
is slightly smaller than the first, the structure of the crown, as 
well as the arrangement of the cusps, is essentially the same. 
The postero-internal cusp is, however, not so well developed, 
and the internal outline of the crown is more rounded and less 
angular than that of the first molar. The last upper molar is 
reduced to about the same degree as that of the lower jaw. 
The intermediates of this tooth are very indistinct, and the 
internal cingulum is little developed. The inner part of the 
crown is narrower and more pointed. 

The premolars are unknown, but in the type specimen the 
fangs of the fourth are to be seen. These consist of two 
external and one internal, as in the molars. Of the two 
external roots, the posterior seems to be the smaller. 

The vertical range of this species is great, and specimens 
occur from the lowest to the highest levels of the beds. 

[To be continued. ] 
Am. Jour. Sc1.—FourtH Series, Vout. XVII, No. 97.—Janvary, 1904, 
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Art. III.—TZhe Initial Stages of the Spine on Pelée; by 
T. A: Jacear, Jr., Cambridge, Mass. 


Dr. Hovey’s interesting studies* of the remarkable spine 
which has been developed on the summit of the new cone of 
débris on Mt. Pelée, in Martinique, recall to the writer certain 
notes and photographs made soon after the first eruption in 1902. 
These notes are of some interest in the light of Hovey’s dis- 
coveries, and they are presented here as representing what is 
perhaps the first record made in the field of the process of 
spine-growth. A theory of origin for such spines was crudely 
framed at the time, but many details were obscure. Hovey’s 
article has cleared up some of these points, and an explanation 
of the phenomenon is here suggested, partly at variance with 
the theory of the French geologists.+ 


The First Observed Spine. 


On May 21, 1902, the most distinctive features of the inner 
cone were its low relief relative to the walls of the gorge, and the 
materials of which it was composed. It appeared to be a heap 
of scaly or crusty bowlders, “smouldering” in appearance, 
brown dust clouds rising from the crevices between the frag- 
ments. The cone had a rounded crest and its height above its 
apparent base was not more than 400 feet. The old rim of the 
basin at the head of the Riviére Blanche rose above it; the 
diameter of this basin appeared to be about 800 feet. 

On June 27th, 1902, from Carbet, the cone was seen to have 
grown to a height somewhat above the rim of the gorge. The 
mountain at that time was almost continuously capped with a 
rain-cloud ; for a few minutes that afternoon, however, it par- 
tially cleared, and the detail of the cone’s slope was seen with 
a Zeiss binocular to consist of large fragments of brownish 
angular material resting on a bed of apparently finer gravel. 
The reddish dust ‘cauliflowers’ accumulated about every half. 
hour and rolled down the gorge of the Riviére Blanche from 
the cone. Sometimes this phenomenon was followed by a low 
rumbling roar. This suggested that avalanches of loose rock 
and gravel were falling, either from the rim of the crater or 
the slopes of the cone. The basin had certainly caved in more 
or less since May 21st, for it was much wider, and the cone had 

ained enormously in both height and breadth. From the 
Carbet beach, at night, a bright incandescent streak was seen 


*E. O. Hovey, The New Cone of Mont Pelé and the Gorge of the Riviére 
Blanche, Martinique. This Journal, October, 1903, p. 269. 
ae loc. cit. p. 276. Lacroix, Comptes Rendus, Oct. 27 and Dee. 1, 
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crossing the west side of the base of the cone obliquely from 
south to north wpwards. The glow increased and diminished 
visibly, and on one occasion a sudden increase was followed by a 
rumbling sound. 

Mention has been made of the scaly appearance of the frag- 
ments on the slope of the cone. They appeared quite similar 
to the “bread-crust” bomb from Pelée figured in the accom- 
panying photograph (fig. 1). This bomb has the specific 


Bomb from Mt. Pelée. 
(Seales shown are inches and centimeters.) 


gravity of andesite, shows a brecciated composition, is semi- 
vitreous on the outer surfaces, and is uniformly cracked in 
deep gashes (4 inches). This structure seems to indicate that 
the outer portion of the block has been plastic, while the 
interior remained a solid rock. Other similar fragments, less 
deeply fissured,. may be found on the slopes of Pelée and 
Soufriére, and these are not hardened spheres of molten lava, 
but angular pieces of old voleanic rocks. The presence of 
pumice among the products of Pelée’s eruptions does not of 
necessity imply a new lava; much of the ancient material is 
pumiceous. These bread-crust bombs, however, are not made 
of pumice, but consist of hard crystalline andesite, frequently 
containing inclusions. 
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On July 6th, 1902, at 7 a. m., the writer had the good for- 
tune to see the whole cone clear of clouds for about ten min- 
utes. The viewpoint was St. Pierre, and others of the party 
were E. C. Rost, photographer, E. Lavénaire of the Govern- 
ment office of Martinique, and L. Weisberg, correspondent 
of the New York Sun. Photographs were “secured by Mr. 
Rost, in sequence, showing the successive stages of develop- 
ment of the cloud- -cap on the crater. One of these photo- 
graphs is here reproduced, showing the volcano at the moment 
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The Spine; July 6,°1902. 


when the complete inner cone came into sight (figs. 2 and 3). 
Brown dust was rising in purling jets all over the surface, and 
heavier billows of white steam rose from the southeast side of 
the cone. Other steam-jets were observed in the Riviére 
Blanche. 

On the summit of the cone was seen a most extraordinary 
monolith, shaped like the dorsal fin of a shark, with a steep 
and almost over- hanging escarpment on the east, while the 
western aspect of the spine was curved and smooth in profile. 
The field glass showed jagged surfaces on the steeper eastern 
side, and long smooth striated slopes on the western. Other 
horn-like projections from the cone could be discerned with 
difficulty on its slopes lower down. Similar horns were noted 
by Heilprin in Angust.* The great spine on the summit was 
not less than 200 feet high above the surface of the cone. 


* Hovey, loc. cit. p. 272. 
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The Spine of 1903. 

Comparing this spine with the greater one figured by Hovey* 
from ihchigiaahe taken in March, 1903, it will be seen that it 
faces in the opposite direction, i. e. the steep scarp in Hovey’s 
pictures faces west, in our photograph it faces east. In both 
cases there is a long curved constructional slope on one side and 
a broken cliff of destruction the other. Hovey has pointed 
out that the later spine was probably the product of conditions 
developed after August 30th, 1902. The two eruptions of 
July 9th and August 30th, 1902, were sufficiently violent to 
destroy the spine observed July 6th, by the present writer. 

The steep cliff is clearly in both cases a destructional surface 
from which material has fallen away. The evolution of the 
later spine as observed by Major Hoddert, changing from the 
“lighthouse” shape to the “church steeple” (shark’s fin) shape, 
seems to the writer to imply the blowing off or caving in of 
one side of a conical mass at first symmetrical about a central 
vent. This would account for the absence, noted by Hoveyt, 
of any “definite conduit through the spine itself,’ and the 
occurrence of heavy outbursts “from the southwest side of the 
cone near the base of the spine”. The channel for such out- 
bursts, at the base of the steep side of the spine, is the original 
central conduit of a domical mass which. has completely caved 
in on one side, leaving the infacing spine as a half broken- 
down remnant. The process of breaking down may be grad- 
ual, and the upthrust from below may continue to act on the 
half destroyed residual spine. This will account for gradual 
changes of shape and fluctuations in elevation of the spine. The 
striated surface, if this explanation be correct, should be found 
on all sides of the monolith during the continuance of the 
“lighthouse” stage. This stage may be restored to the profile 
shown in the photographs by imagining the smooth curve 
repeated on the steep side of the spine so as to give it a sugar-loaf 
shape. Thus in July, 1902 (figs. 2 and 3), the east side of the 
sugar-loaf had been blown away or had flaked off; in March, 
1903, the west side had been removed as shown in Hodder’s 
diagrams.§ 

Granting that these horns are broken remnants of hard cone- 
shaped protuberances from the new pile of débris in the crater- 
gorge, there remains the question of the origin of these protu- 
berances. They have dike ribs extending from them, and are 
composed of hard rock, fissured and glowing at times, but with- 
out associated lava streams of any sort. The cumulo-voleano 

* This Journal, figs. 1 to 7, October, 1903. 
+ Hovey, loc. cit. pp. 273-275, and figs. 2 and 3. 
t Loc. cit. p. 279. $ Loc. cit. 
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theory of Lacroix supposes a “lava” to have risen from the 
deep regions to furnish material for the spine. This “lava,” 
nearly congealed, “seems to have been pushed up bodily into 
its present position, and to be maintained there, somewhat like 
the stopper in a bottle, by friction against the sides of the neck 
and by the expansive forces underneath.”* There can be no 
question of the evidence that shows the spine to have been 

ushed up in a semi-solid condition through fissures in the cone 
of débris. We may ask, however, this question,—may not the 
half-molten substances be a superficial product, resulting from 
the mechanical and thermal conditions that governed the build- 
ing of the cone? 

The writer’s reasons for opposing the “lava” hypotheses are 
twofold: (1) None of the ejecta of Pleistocene times in the 
Caribbees are true lavas; (2) Even the more ancient geologic 
sections show few flows. If lavas are to flow from Pelée at 
this time, then these eruptions inaugurate a new era. This 
is improbable, for there have been eruptions in these islands 
averaging once in twenty-three years for over 300 years of 
human record, and the eruptions of the unrecorded previous 
centuries left no lava flows on the present or recent topography. 
The ejecta collected from the present and past historic eruptions 
are fragments of ancient andesites and basalts. 


Theory of Origin of Spine. 


The following is a suggested explanation of the origin of the 
spines, which does not require a flowing lava to rise into the 
throat of the voleano from deep-seated sources :— 

The spines are small compared to the volume of material 
which has fallen back into the crater from many successive 
eruptions. This material fills not only the crater-gorge of the 
Riviére Blanche, but deep fissures of unknown size beneath the 
present cone. Such fissures have been enlarged below with 
every eruption, while at the same time bombs have been 
heaped upon the cone above. 

The rocks ejected were observed to become more incandescent 
with successive eruptions and much of that which fell back on 
the cone consisted of large fragments half molten on the surface ; 
there was much finer material mixed with these. 

Accumulation of this pasty incandescent material with each 
new eruption produces increased pressure from above, and by 
conduction and radiation the heat is probably concentrated. 
The outer portions of the cone become crusted, a blast of hot 
gases and the steam traverses the open passages, and both 


* Hovey, loc. cit., p. 278. 
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chemical and mechanical conditions favor the fusion and segre - 
gation within, of the more fusible minerals. 

Rifting of the crust may take place by faulting, differential 
contraction, or by the action of escaping steam, and the molten 
matter slowly wells up under the pressure of the slumping 
agglomerate. 

xposed to the cooler air this viscid silicate mixture solidifies 
quickly and impedes the upward progress of the more liquid 
portions below. 

The actual volume of the molten material would increase 
‘with many successive eruptions and diminish with cessation of, 
eruption: it would vary with the growth of the cone, and this 
is what the spines have been observed todo. There can be no 
doubt that an enormous amount of red-hot material is confined 
in the cone and the fissures beneath; that it would remain 
incandescent for months even without additions is proved by 
analogy with the banks of hot gravel along the stream 
courses. These retain their heat for many weeks after an erup- 
tion; a rain-crust forms above, and the banked-in gravel causes 
frequent explosions when ground-water makes contact with it. 
If these banks so refain their heat at a distance of miles from 
the crater, much more will the temperatures within the cone 
be high and long maintained, for there the fragments are hot- 
test and largest, are accumulated in greatest volume, are fre- 
quently added to, and are in contact with dust-laden steam and 

heated gases rising under pressure from unknown depths. 

Even if no spines had appeared, one might ask on @ priori 
grounds, What has become of all the pasty incandescent mate- 
rial that has fallen back into the crater and is now under 
pressure? It cannot be supposed to have hardened at once, and 
it must have been intimately mixed with pulverized rock of 
varying fusibility. It would seem dynamically probable, there- 
fore, that such material would become agglutinated in fluid 
masses within the agglomerate of the crater fissure, and escape 
to form irregular protuberances along paths of least resistance. 
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Art. I1V.—TZhe Action of the Hulogen Acids upon Vanadic 
Acid; by F. A. Goocn and R. W. Curtis. 


[Contributions from the Kent Chemical Laboratory of Yale University—CXXIIL ] 


In the study of the interactions between the halogen acids 
and vanadic acid in solution made chiefly with a view to the 
analytical applications, it has been shown that if conditions be 
suitably fixed, vanadic acid may be reduced definitely by hydro- 
chloric acid and by hydrobromic acid to a condition of oxida- 
tion corresponding to that of the tetroxide, V,O,, and that 
hydriodic acid may carry the reduction to the stage of the 
tetroxide or to that of the trioxide, V,O,, according to condi- 
tions. It is the object of this paper to record some results of 
further study of the conditions.of action between vanadic acid 
and the halogen acids. 


The Reducing Action of Hydrochloric Acid. 

It has been shown in an article from this laboratory* that 
the reaction of the process, according to which a suitable 
vanadate is treated with hydrochloric acid, the solution boiled, 
and the evolved chlorine determined as suggested by Bunsen,+ 
noted by Mohr,t and utilized by Gibbs,§ is nearly complete in 
a single operation when the concentration of the hydrochloric 
acid is sufficient, and that an approximately correct determina- 
tion of the vanadium may be made by the process when 
special care is taken to register all the chlorine set free. It 
appeared, however, that the reaction is reversible, and that in 
the ordinary process involving a single treatment of the vana- 
date with strong hydrochloric acid and boiling, the tendency 
to reverse is not fully overcome. When hydrochloric acid of 
suitable concentration and the vanadate come to contact, the 
evolution of chlorine is immediate, some chlorine escapes 
from the solution, some is retained, and the reaction proceeds 
to a balance as indicated in the expression 

V,0, +2HCl 2 V,0,+H,0+Cl.. 

To complete the reduction of the higher oxide it is neces- 
sary to remove the free chlorine from the system while keep- 
ing up the requisite strength of the hydrochloric acid. In 
removing the chlorine by boiling, the concentration of the 
hydrochloric acid is diminished below the point at which 
action upon vanadic acid may take place with liberation of 
chlorine. This is why in pushing the action to completion by 
the boiling process, it is necessary to increase the concentra- 
tion of the hydrochloric acid from time to time either by 
cooling and recharging with gaseous acid or by evaporating off 
the weak acid and replacing it by strong acid. 

* Gooch and Stookey, this Journal, xiv, 369 (1902). 


Ann. Chem. (Liebig), Ixxxvi, 265. ¢ Titrirmethode, 5” Aufi., 314. 
Proc. Amer. Acad., xviii, 250. 
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In continuing the study of this reaction we have thought it 
desirable to try to effect the removal of the chlorine and to 
complete the reaction by bubbling a current of gaseous hydro- 
chlorie acid through the cooled residue of a single treatment 
by boiling. Under these conditions the hydrochloric acid must 
always be at the concentration of activity, though the removal 
of the chlorine must be slow since the current of gas should not 
be rapid enough to cause mechanical loss from the mixture. 

The apparatus used in these experiments was similar to that 
employed in the former work to which reference has been 
made, and is shown in the accompanying figure. We have 


used as the source of vanadie acid for the experiments to be 
described immediately, and throughout this paper, ammonium 
vanadate of known purity, standardized by the method of 
Holverscheit.* 

In every experiment approximately 0:1 gm. of ammonium 
vanadate was first introduced into the reduction flask B. The 
air was expelled from the apparatus by carbon dioxide from 
the generator, the receiver C being charged with hydrochloric 
acid and the trap g with water. Concentrated hydrochloric 
acid (15°™*) was admitted through the stoppered funnel A, and 
the mixture was boiled. The deep red color produced when 
the acid was first added, gradually passed through green to 
blue. The flask was allowed to cool, carbon dioxide being 
admitted to fill the partial vacuum, and surrounded with ice. 
Hydrochloric acid gas was passed into the reduction flask, at 
the rate of one or two bubbles a second, through the solution 
for periods varying from 4 to 1124 hours, the solution turning 
brown at first and then changing to green or blue, according to 
the length of the period. For continuing the flow of gas for 
long periods small Kipp generators set up with sublimed ammo- 
nium chloride in large lumps, and concentrated sulphuric acid, 
were found very convenient, a single charge serving to keep up 
the flow continuously over night. 


*TInaug. Dissert., Berlin, 1890, p. 48. 
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At the end of the operation the degree of reduction was 
determined by titrating the contents of the flask, after dilu- 
tion, with potassium a in presence of a manganous 
salt. The data of the experiments are detailed in the follow- 
ing table: 

I, 
V.0, per 0°1000 gm 
of vanadate taken. 


Calculated. Found. Difference. 
0°0695 0°0619 0°0076 
0°0621 0°0074 
0°0678 0°0017 
0°0658 0°0037 
0°0600 0°0095 
0°1043 0°0691 0°0004 
The reduction of the vanadic acid to the condition of the 
tetroxide by the action of hydrochloric acid in the cold is obvi- 
ously slow, as would be expected, but the results show that it 
may be made practically complete in this manner. No indica- 
tion of reduction below the condition of the tetroxide by the 
agency of hydrochloric acid is apparent. 


The Reducing Action of Hydrobromic Acid. 

In Holverscheit’s most excellent method for the estimation 
of vanadic acid the reduction, effected by the action of hydro- 
chloric acid and small amounts of potassinm bromide, is almost 
ideally complete to the condition represented by vanadium 
tetroxide. Under the conditions the concentration of the 
hydrobromic acid is low, and it was thought to be of interest 
to investigate the effect of more concentrated hydrobromic 
acid upon the course of reduction. 

In the first six experiments recorded in. the following table, 
weighed portions of ammonium vanadate were introduced into 
the reduction flask, the receiver and trap were charged with a 
solution of potassium iodide (3 gm.: 350°™*), the apparatus was 
filled with carbon dioxide, hydrobromic acid (15°) of sp. gr. 
1°68 (made by distiiling a mixture of potassinm bromide and 
syrupy phosphoric acid) was introduced through the funnel 
and the mixture was boiled eight or ten minutes. On the 
addition of the acid the vanadate dissolved and the solution 
took on a light green color, which on heating changed to red- 
brown and finally to a clear deep green. After cooling, the 
degree to which the vanadic acid had been reduced was esti- 
mated in two ways—by determining by means of standard 
sodium thiosulphate the iodine set free in the receiver by the 
bromine evolved, and by oxidizing by standard iodine the 
reduced product in the flask. The latter process followed the 
lines recommended by Browning* and consisted essentially in 
neutralizing the acid in the reduction flask by potassium bicar- 


* Zeitschr. anorg. Chem., xiii, 116. 


taken. Time. 
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bonate (in solution 1:5), adding an excess of twentieth normal 
iodine, allowing the mixture to stand tweaty minutes (all with- 
out admission of air) then transferring to a larger flask, intro- 
ducing a slight excess of twentieth normal arsenious acid, and 
titrating to standard blue with iodine. 

In experiment (7) the aqueous hydrobromic acid was strength- 
ened by cooling and passing in gaseous acid before boiling; and 
in experiment (8) the residue in the flask was submitted to 
several treatments of cooling, recharging with. the vapor lib- 
erated by heating the strong aqueous hydrobromic acid, and 
boiling, in order to see the effect of varying the concentration, 
the bromine evolved by each boiling being determined, and 
finally the degree of reduction of the residue was estimated as 
usual. The results of these experiments are calculated upon 
the hypotheses that the vanadic acid is reduced (first) to the 
tetroxide, (second) to the trioxide, and (third) that the trioxide 
and tetroxide are left in mixture. 

TABLE II. 


cale. as 


| V2.0; 
V.O; | Flask |Receiver| Flask |Receiver 
gm. gm. gm. gm. gm. gm. 


0°0699 | | 0:0913 | 0°0877 | 0°0413 | 0-0396 | 0°0521 | 0-0160 
0°0699 | 0°0682 | 0-0879 | 0°0885 | 0°0397 | 0°0400 | 0°0513 | 0-0168 
0:0699 | 00632 | 0°0849 | 0:0896 | 0°0384 | 0°0405 | 0°0502 | 0°0179 
0°0699 | 00632 | 0-0858 | 0°0849 | 0°0888 | 0°0384 | 0°0549 | 0°0136 
0°0699 | 0°0632 | 0°0854 | 0°0853 | 0°0386 | 00385 | 0°0545 | 0°0139 - 
0°0699 | 0°0632 | 0°0889 | 0°0380 | 0°0879 | 0°0559 | 0-0127 
0° 


00699 | 0°0632 | 004s | 0°0943 0°0426 | 0°0455 | 0°0221 
| | 


0-0889 | 0-0588 | 0-0146 
| | 0:0499 | 0-0295 | 0-0366 
| O° 0°0584 | 0°0107 | 0°0535 
0°1291 0°0584 | 0:0107 | 0°0535 

So it appears that increase in concentration of the hydro- 
bromie acid tends to carry the reduction below the condition 
of the tetroxide ; but the highest degree of reduction reached 
in these experiments corresponds to a mixture of one-sixth 
tetroxide and tive-sixths trioxide. 

Results somewhat similar were obtained with hydrobromic 
acid made (first) by acting with bromine upon naphthalene and 
purifying the gaseous acid by passing it through a column of 
red phosphorus, and (secondly) by passing the vapor of bro- 
mine with hydrogen over hot platinum somewhat after the 
synthetic method of Harding,* and sending the product through 
red phosphorus. In a single case in which the synthetic hydro- 
bromie acid was used, the reduction, after three chargings of 


* Ber. Dtsch. chem. Ges,, xiv, 2085. 


0-0699 | 0:0682 


In 0°1000 NH,VO;|Found ; cale. as Found; cale. as| mixture from 
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the liquid and boiling, apparently reached the stage of V,O,, 
but, inasmuch as the purity of the synthetic hydrobromic acid 
was not thoroughly established, we do not regard this particu- 
lar result as wholly trustworthy. 


The Reducing Action of Hydriodic Acid. 


According to Rosenheim* vanadiec acid is not completely 
reduced to the condition of the tetroxide by the hydriodic 
acid made nascent when sulphuric acid and potassium iodide 
interact, analytical results showing an apparent reduction of 
80 per cent or less. A comparison of the calculated figures 
with the recorded amounts of the reagents and their standards 
raises the question as to whether the standards have not been 
interchanged in the computation, and in this event Rosen- 
heim’s figures would approximate 100 per cent as nearly as 
could be expected under the described conditions of manipula- 
tion. Friedheim and Euler echo Rosenheim’s statement. 
Browning,§ on the other hand, has shown that good analytical 
results are obtained when solutions of the vanadate, one or two 
grams of potassium iodide and 10™* of sulphuric acid of half- 
strength are boiled to a volume of about 35°™* and the residual 
solution is cooled, neutralized with an alkaline bicarbonate 
(after the addition of a tartrate to prevent precipitation) and 
treated for some time with an excess of iodine which is fol- 
lowed by an excess of arsenious acid, the last being titrated by 
iodine to the blue end-reaction in presence of starch. 

In Browning’s process the estimation of the reduced product 
in the residue is made the measure of action. In section A of 
the following table are given the results of experiments in 
which the treatment was conducted in an atmosphere of carbon 
dioxide and in which the determinations of the iodine collected 
in the receiver are set over against the determinations of the 
reduction in the residue by Browning’s process, omitting the 
addition of a tartrate. 

In section B are given results of experiments differing from 
those of section A in that in treating the residue the excess of 
iodine was added before neutralizing with potassium bicar- 
bonate so that re-oxidation should not be effected in the 
sensitive alkaline solution by atmospheric oxygen rather than 
by the iodine which is measurable. 

It will be noted that in every experiment the iodine found 
in the receiver indicates a trifling reduction beyond the con- 
dition of the tetroxide V,O,, averaging 0°0023 gm. ; and the 
same in general is true in regard to those determinations of 

* Inaug. Dissert., Berlin, 1888, p. 18. 

+Compare the standard of solutions on p. 15 loc. cit. with the computed 


results of tables on pp. 15 and 18. 
}¢ Ber. Dtsch. chem. Ges., xxviii, 2070. § This Journal, ii, 185 (1896). 
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Taste IIT. 


Reduction flask 

V.0 Recei 
20. 
vol. | vol. Found| Error | Found | Error 
em*, | em’. | gm. | gm. 


0 0668 al 0-0700 |0-0001 + 


0°0692 90-0007 —| 0°0715 |0°0016 + 
00686 | 0-0013—| 0-0718 |0°0019 + 
0°0696 | 0-0003—| 00744 |0°0045 + 
0-0678 | 0-0021—| 0°0704 |0-0005 + 
0-0009—| 0°0710 |0-0011 + 
0 
0 


‘0681 | 0°0018—| 0-0738 |0°0039 + 
“0 0°0025 + 
0679 | 0-0020—| 0- 0°0023 + 


| 


0-0699 | 0-000 + | 0-0718 |0-0014 + 
0-071 | 0-0014+| 0:0722 |0-0023 + 
| | 0-0725 |0-0026 + 
| 0°0011 + | 0°0718 |0°0019 + 
| 0:0701 | 0-0002+| 0-0709 |0-0010 + 
| 0-0717 | 00018 +| 0-0745 |0-0046 + 
00706 | 0-0007 + | 0-0734 |0-0085 + 
0°0703 | 00004 + | 0°0727 |0-0028 + 
| 0-0699 | - 5 | 00700 | 0-0001 +/ 0-0731 |0-0082 + 
residue in the reduction flask, in which the iodine was 
added before the bicarbonate—the over-reduction in the residues 
of section B averaging 0°0007 gm. The determinations of 
reduction in the residue, in the series of section A, in which 
the neutralization took place before the addition of the iodine, 
uniformly show an incomplete reduction—amounting in the 
average to 0°0015 gm.—an effect which is without doubt due 
to the action of air upon the sensitive alkaline solution of the 
reduced vanadate. 

It appears, thus, that under conditions of concentration in 
which in absence of the vanadic acid there is no tendency 
(barring the insignificant action of dissolved air) toward lib- 
erating iodine, a little more iodine is liberated by vanadic acid 
when acted upon by sulphuric acid and potassium iodide than 
would correspond to a reduction of vanadic acid to the condition 
of the tetroxide. 

Concerning the action of concentrated hydrochloric acid 
and potassium iodide upon a vanadate, Friedheim and Euler* 
give analytical data which go to show that reduction of the 
vanadic acid goes nearly (97.2 per cent) to the condition 
of the trioxide V,O,, and venture the assertion that the 
incompleteness of the reaction is conditioned by the formation 
of an oxyiodide which is broken up by the hydrochloric acid 


* Ber. Dtsch. chem. Ges., xxviii, 2071. 


| | 
| in | 
0°1000 gm. | 
Exp.| NH.VO; | KI |H,S0O,| 
taken | 
gm. gm. | 
| | 
{Ba 
| 10 | | 85 | 
| 10 | 50 | 85 | 
| 10 | 45 | 85 
| 10 | 50 | 35 | 
| 10 | 60 | 35 | 
| 10 | 55 | 85 
| 6 | | 
| | 
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only at a concentration (volume) which can not be reached 
without danger to the retort in which the operation is conducted. 
Friedheim and Euler propose the addition of phosphoric acid 
to this end and give excellent analytical results to sustain the 
suggestion. 

In the experiments of the following tables, made in the 
apparatus figured and described above, the reductions were 


IV. 


| 
in | 
0:1000 NH,VO; | HCl | | Initial | Final V20; found 
taken ;cone.| KI vol. — 
| em*, | gm. em, cm*,| Flask Receiver 


A 
0°6 


00328 
00618 | 0-0627 
_... | 0°0827 
00618 0-0687 
0-0378 
0°0615 0°0644 
_... | 0°0372 
0°0617 | 0°0642 
_... | 00518 
0:0618 | 0°0657 


2D KW HW HOO & 


0:0618 | 0-0630 
| 00612 | 00627 
00617 | 0°0625 
| 00620 | 0-0630 

0:0616 | 0°0627 
| 00618 | 0°0628 
| 00617 | 00630 


| 0°0617 0:0629 
0°0616 0°0629 


1 
2 
3 
4 
5 
6 
7 
8 
9 


made by the action of hydrochloric acid and potassium iodide. In 
series A varying concentrations were employed and the boiling 
was interrupted as soon as the vapor of iodine had disappeared 
from the flask and the contents of the receiver titrated with- 
out admitting air. The receiver was then replaced, the 
boiling continued unti] the volume remaining was about 2°, 
when the free iodine in the receiver and the reduced product 
in the flask were determined. In series B the boiling was 
carried at once:to the final stage. 

From these results it is apparent that the degree to which 
vanadic acid may be reduced by hydrochloric and hydriodic 
acids turns upon the concentrations. We have found no diffi- 
culty in carrying the reduction, in the apparatus described, to 


* To the point when the vapor of iodine had disappeared from the flask— 
approximately 40°™*, 


| 
Exp. | 
1 | | | 50 | 
2 | 00-0682 55 
3 00682 125 | 1 50 
4 0-0682 15 | 1 | 4 
| B | 
00682 | 15 | 1 16 
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the condition of the trioxide without the addition of phos- 
phorie acid. In fact, the presence of phosphoric acid may 
work disadvantageously when low volumes are reached by per- 
mitting a dangerous rise of temperature in the still liquid resi- 
due. This is shown in the following series of experiments in 
which 1 gm. of potassium iodide, 2 of syrupy phosphoric 
acid (sp. gr. 1°70) and 0°1 gm. ammonium vanadate were 
treated, the initial volume being 60™. 


TABLE V. 


In 0°1000 NH,VO; 
| Reduction flask 

As 


0-0632 | 0°0693 
0-0682 0-0705 
0-0632 
0-0632 


| 
| | 0-0711 
0-0632 | 
| 


0°0682 
0°0632 
00632 
0°0682 | ' | 


These figures indicate also that when the distillation is 
continued until the volume is about 35™, the condition of 
‘oxidation corresponds nearly to that of the tetroxide. When 
the residue is concentrated almost to dryness, the figures 
approach the value for the trioxide, but under the conditions 
they are of doubtful value; for, fumes of hydriodic acid are 
visible in the flask, more or less spattering occurs, and the 
temperature is such that a volatile compound of vanadium 
begins to distil. 

te summary of the work described it may be pointed out 
that in the interaction of hydrochloric, hydrobromic, and 
hydriodic acids upon vanadie acid the degree to which the 
last is reduced depends, as would be expected in reversible 
reactions, upon the concentrations. It has been shown that 
hydrochloric acid is capable of carrying the reduction, even in 
the cold, to the condition of the tetroxide, and under none of 
the conditions tried does reduction go further: that hydro- 
bromic acid, which in small concentrations gives a definite 
reduction to the condition of the tetroxide, may easily push 
the reduction well on toward the condition of the trioxide: 
that the reduction by hydriodic acid may be carried at will 
to either of the stages—that of the trioxide or that of the 
tetroxide. 


* Flask broke. 


| Receiver 
As As 
V20,4 
| 0-0699 | | 
| 0-0699 | | 0°0706 
0°0699 00606 | .... | 0°0628 
| * | | 0-0617 
| 0-0699 | -... | 0-0617 

| 0°0699 | | 9-0612 
| 00699 | é 
| 0° | | 0°0624 
| 00699 | | 0-062 
| 00699 | 0:0629 
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Arr. V.— Development of some Paleozoic Bryozoa ; 
by Epear Roscor Cumines. 


Introduction. 


Tue development of Paleozoic Bryozoa has up to the present 
time received very little attention. The few scattering obser- 
vations of Lindstrém,’* Nicholson,“ Shrubsole,” Vine,*’ and 
Ulrich,“ leave the knowledge of the subject practically where 
it was at the outset. Nicholson devotes a chapter to a discus- 
sion of the development of the Monticuliporide, but does not 
go further than a criticism of the views of Lindstriém, in regard 
to the supposed ontogenetic relationship between Monticulipora 
and Ceramopora. Shrubsole’s notions of the development of 
Fenestella are entirely erroneous, those of Vine are but little 
better, while Ulrich concurs with Nicholson in rejecting the 
views of Lindstrém. 

The writer’s researches during the past year, at the Yale 
University Museum, have resulted in the discovery of many 
unique facts bearing upon the development of certain Paleozoic 
and recent Bryozea. Although this investigation is still in 
progress, it will not be out of place to present some of the 
results thus far obtained, reserving the details for monographic 
treatment later. 

All the material used in this investigation of the development 
of Fenestella, Polypora, Unitrypa, Hemitrypa, Paleschara, 
etc., belongs to the collection of the Yale University Museum. 
The silicified Lower Helderberg and Hamilton Bryozoa were 
especially collected by Dr. C. E. Beecher with reference to the 
study of the stages of growth. Dr. Beecher has not only placed 
all this unique material at the writer’s disposal, but has in every 
possible way lent his aid and encouragement to the work. For 
this aid, as well as for his profound interest in the difficult and 
too often neglected problems of paleobiology, the writer is 
deeply grateful. 


General. 


The development of recent Bryozoa has been studied by a large 
number of observers, among whom J. Barrois,‘* Calvet,"* Clapa- 
Harmer,’ Joliet,’*’* Metschnikoff,"“ Ostroumoff,” 
Pergens,”* Prouho,”” Repiachoff,** Seeliger,” Smitt,“ and 
Vigelius* have contributed the most important results for the 
presedentary stages; and Barrois,’ Nitsche, Braem,’ Daven- 
port,” °and Harmer," ** for the early budding stages of the col- 
ony. While the latter are necessarily the only ones ever preserved 
as fossils, a brief review of the earlier development will help to 
make the discussion of the later much more intelligible. 


Am. Jour, Sct.—FourtTH Serizs, Vou. XVII, No. 97.—Janvary, 1904. 
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The now generally accepted classification of the stages of 
growth and decline, proposed by Alpheus Hyatt,’* has never 
been consistently applied to a colonial organism, such as are the 
Corals and Bryozoa, nor to one whose ontogeny presents the retro- 
grade metamorphosis which characterizes the latter class. It 
must be borne in mind that a colony or stock composed of a num- 
ber of individuals may be properly characterized as nepionic, 
while some of the individuals composing it are in reality mature, 
senile, or even dead. The nomenclature of Hyatt applies solely 
to an individual developing from an ovum, that is, in the case 
of the Bryozoa, to the first individual of the colony. It fol- 
lows, therefore, that before the colony has reached a stage in 
which its genus or even its family is recognizable, the first 
zoecium, which the author here proposes to designate as the 
protecium,* has become mature (ephebic). The colony would 
thus be phylembryonic,t while the protcecium is ephebic. 
Probably no confusion would arise from this source, if the exact 
sense in which these terms are used in a specific case, whether 
as applying to the individual or to the colony, were distinctly 
stated. Since the development of a bud presents no parallel 
with the early stages in the development of*an individual from 
an ovum, there can be no confusion of terms up to and inelud- 
ing the typembryo. It will be convenient, therefore, to have 
for the growth stages of a colony a nomenclature which entirely 
avoids the confusion attending the use of the terms nepionic, 
neanic, ete. Hence, the writer would submit the following set 
of terms, composed of the appropriate age-indicating we. as 
above, combined with the Greek word dorv (dsty), a town or 
assemblage of dwellings: thus, neprasty, neanasty, ephebasty, 
and gerontasty, meaning an infant, adolescent, mature, or 
senile colony; and nepiastic, neanastic, ephebastic, and 
gerontastic, the corresponding adjectives. 


DESCRIPTION oF Figures 1-15. 


Ficures 1-15.—Development of a Chilostomatous Bryozoan, Schizoporella 
unicornis. (After Barrois.) 

1. Mesembryo; 2. Metembryo; 3-5. Formation of the endoderm; 6, 7. 
Intermediate stages in the formation of the free-swimming larva; 8. Normal 
larva; 9. Evagination of the adhesive organ; 10. Reversal of the mantle ; 
11-14. Degeneration of the larval organs during the first sedentary stages ; 
15. First appearance of the polypide stage corresponding to fig. 26. 

c, coronal cells; bl, blastopore; end, mes, endoderm; r, retractile disc ; 
s, ap, adhesive organ (adhesive plate); gl, py, pyriform organ; r.in, rudi- 
ment of polypide ; pol, polypide (double vesicle stage of Calvet**). 

All figures x 110. 


* From mpéroc, first, and dcxior, house or abode. + Jackson.'+ 

¢ The investigations of Calvet** have disproven the views of Barrois 
regarding the differentiation of the endoderm and mesoderm and the fate of 
the part marked r.ex in the figures. Nevertheless his figures present the gen- 
eral course of development with such clearness that it has seemed best to 
reproduce them and call attention to the points which lack full confirmation. 
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I. Classification of the Stages of Growth. 
Embryonic Stages. 

The protembryo includes the ovum and its segmented stages 
up to the formation of the blastula. Cleavage is total and 
almost equal (Korschelt and: Heider”). The animal and vege- 
tative poles can be distinguished by a slight difference in the 
size of their respective blastonieres. 

The mesembryo (blastula) (fig. 1) is of lenticular shape, with 
a fair-sized cleavage cavity. 

The metembryo (gastrula) (figs. 2,3) is formed by the ingres- 
sion of four endoderm cells. The coronal cells are defined at 
this stage (c, fig. 2) and later become very conspicuous. The 
four endoderm cells multiply so as to completely fill the 
blastoceele, thus forming a planula. 

The neoembryo (figs. 4-8 and 17-25) includes the stages from 
the formation of the planula to the completed free-swimming 
larva (fig. 8). During these stages the endodermal cells multiply, 
according to Barrois’ differentiating into endoderm and meso- 


Ficures 16-19.—Early embryonic stages of a Cyclostomatous Bryozoan, 
Phailangella (=Tubulipora). (After Barrois.) 

16. Metembryo (pseudoblastula); 17, 18, 19. (Pseudogastrula) invagina- 
tion of the adhesive organ ; stages corresponding to figs. 6 and 7. 

or, oral regior ; C, invagination cavity. 

Figure 16 x 300; figures 17-19 x 160. 
derm* (figs.4, 5). The cells of the corona increase in size and 
become covered with cilia; a disclike thickening bearing stiff 
sete, the retractile disc, develops in the aboral half. This is 
encircled by a depression,—the mantle cavity. An invagination 
develops in the posterior portion of the aboral half, to form the 
sucker, or adhesive organ (ap). An alimentary canal may 
develop at this stage in some types of larvee (see figs. 31-35 
and 22, 25). 

The typembryo (figs. 9, 10) is formed by the evagination of 
the adhesive organ and reversal of the mantle (fig. 10). 
This gives rise to the first sedentary stage, which is passed 
through with great rapidity, and is immediately succeeded by a 
complicated metamorphosis involving the degeneration of most 
of the larval organs. 


* This has not been observed by other workers. 


: 17 18 
16 
or 
19 
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This metamorphosis, or kathembryonic* stage, is not present 
in those organisms which pass directly from the larval to the 


Ficures 20-25.—Further stages in the formation of the free-swimming 
larva of Phalangella (=Tubulipora). (After Barrois.) 

24 and 25. Optical sections of 21 and 22 respectively; 23. Beginning of 
formation of the mantle ; 22 and 25. Completed larva. 

or, oral region; C, invagination cavity of adhesive organ; S, adhesive 
organ (sucker); em, mantle cavity ; m, mantle. 

Fig. 25 is modified from Barrois’ original figure, in accordance with his 
later views. 

All figures x 160. 


* xara, in the sense of opposition or contrast. 
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adult type of structure (Brachiopoda, Mollusca, etc.). The 
term is here proposed to cover the complicated degenerative 
metamorphosis of the Ectoproctous Bryozoa (figs. 11-15 and 
26). During this stage the margin of the reversed mantle 
fuses with the margin of the extended and flattened adhesive 
plate, and the corona, pyriform organ, and larval intestine 
(where present) degenerate, forming a mass known as the brown 
body. The secretion of the ectocyst begins at this stage. The 


Ficures 26-30.— Formation of the polypide and protcecium in Phalan- 
gella (=Tubulipora). (After Barrois.) 

26. An early sedentary stage, showing rudiment of polypide ; 27. Beginning 
of tentacles and first zocecium (protcecium) ; 28-30. Formation of first mature 
individual and primary buds, 1], and Is. 

pol, polypide ; tn, tentacles; g, globules formed by degeneration of larval 
organs; R, rectum; z, zoovium; b, b, primary buds; bd, basal disc. 

Figures 26-29 x55; figure 30 x 40. 


retractile disc is invaginated, and becomes the rudiment of the 
future polypide.* 

The phylembryo (fig. 27) is characterized by the first appear- 
ance of the lophophore, the secretion in most types of a chitinons 
or calcareous investment, and the origin of the true alimentary 
canal. This is the earliest stage capable of fossilization. It 
closes with the origin of the primary buds. This first zocecium 
of the colony is called the protecium, or primary dwelling. 
The term protecium, therefore, will not be exactly cognate 

* According to Barrois® a paired organ (r.ex, figs. 8-14) shares in the forma- 
tion of the polypide. On this subject, see Ostroumoff,”’ Vigelius,** Calvet,®* 


and Prouho”’ fora different view. See also the interpretation of the metamor- 
phosis given by Harmer’? and Sedgwick.*® 
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with the terms protegulum, protoconch, protaspis, etc., as 
applied to the Brachiopoda, Cephalopoda, and Trilobita, 
respectively; for the latter terms signify the initial shell or 
covering of the individual and are not concerned with the 
adult, while the proteecium is the ¢nitial zowciwm of the col- 
ony and belongs to all growth stages of the initial polypide later 
than the kathembryo. From the standpoint of the colony the 
stage represented by the proteecium is phylastic (figs. 27-30). 


Ficures 31-35.—Types of free-swimming larvw. (Figures 31, 32, 34, 35, 
after Barrois; figure 33, from Korschelt and Heider, after Barrois.) 

31. Larva of Alcyonidium, a type which develops an alimentary canal; 
32. Larvaof Loxosoma; 33. Larva of Serialaria. vesicularian type ; 84. Larva 
of Bugula, intestineless Chilostomatous type; 35. Larva of the Cyphonautes 
(Membranipora). 

r, retractile disc ; p and m, mantle cavity ; c, coronal cells; o and py, pyri- 
form organ; s, adhesive om (sucker); gl, glandular organ; st, stomach ; 
R, rectum ; @, esophagu 

Figure 81 x 100; agies 82 x 116; figure 38 x 120; figure 34 x 133; figure 

5 x 66. 


The early development of the Oyclostomata presents some 
peculiarities that led Barrois’ to mistake the metembryo (fig. 16) 
for a morula, and the early stages of the invagination of the 
adhesive organ (figs. 17-19) fora gastrula. This mistake has been 
repeated in a recent memoir on fossil Bryozoa. The develop- 
ment of the Cyclostomata, as pointed out later by Barrois,‘ 
Ostroumoff,” and others, quite closely parallels the develop- 
ment of- the’ Chilostomata. The metamorphosis is similar. 
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Fig. 25 has been modified from Barrois’ original figure in 
accordance with his later views.‘ The differences in the 
development of the Cyclostomata and Chilostomata consist 
mainly in the small size of the adhesive organ in the former, 
and the great size of the sucker invagination, together with the 
vestigial condition of the retractile disc and absence of the 
yriform organ. The cylindrical shape of the Cyclostome larva 
is paralleled among the Chilostomata by Serialaria (fig. 33). 


Classification of the Growth Stages of the Colony. 


The phylastic stage has already been alluded to. This is the 
earliest stage capable of fossilization. It represents the period 
from the first appearance of a hard exoskeleton to the comple- 
tion of the proteecium. In the Bryozoa, as pointed out by 
Rarrois,’ the exotheca at first differs considerably in appearance 
and texture from the more compact investment of later stages. 
The buds of the next generation {primary buds) originate at 
or slightly before the close of this stage. -The protccium 
frequently resembles the later formed zocecia of ancestral types 
(Nitsche,” Pergens”*). 

The nepiastic stage is taken to represent the period from the 
formation of the primary buds, 2. ¢., those buds which are given 
off by the proteecium, to the establishment of the definite bud- 


ding habit of the colony. The researches of Nitsche,” Per- 
ens,” and others, have shown that the early budding habit 
requently differs considerably from the later or normal habit 
of the colony, and more nearly resembles that of ancestral types. 
This stage may be conveniently subdivided into ana-, meta- and 
paranepiastic substages. The first, or ana-stage, will include 
the So and completed primary buds. The meta-stage 


marks the termination of encrusting growth in forms that pro- 
duce erect zoaria. The initial circle of buds in Fenestella 
belongs to this stage. The para-stage comprises the transition 
from the latter to the neanastic stage. 

Figs. 36-43 show the primary buds of several types of 
recent Bryozoa. It will be noticed that in every case the first 
formed buds are lateral, and that a median bud may or may 
not be present. It is also noteworthy that only one of these 
eight types has more than three primary buds. The Cyphonautes, 
tig. 38, has six, an altogether exceptional number.* 

* The order of budding is indicated by the small Arabic numerals, and the 
generation of a given bud by the Roman numerals. 1, indicates the median 
bud; 2, the left lateral; and 3, the right lateral bud. In the case of buds of 
succeeding generations the position number of each preceding generation is 
affixed to each bud, so that its entire ancestry is thereby expressed. For exam- 
ple, in fig. 89, bud No. IVsese is of the fourth generation and was derived 


from the right lateral primary bud through the left lateral of the second gen- 
eration, and the right lateral of the third generation. Where the same position 
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Ficures 36-43.—Types of budding from the protecium. (Figure 36, after 
Davenport; figures 37-48, after Barrois.) Protcecium marked by star. 
Order of budding indicated by Roman and Arabic numerals. 

86. Lepralia ; 37. Aleyonidium ; 38. Cyphonautes (Flustrella) ; 39. Schizo- 
porelia ; 40. Microporella ; 41. Bugula ; 42. Membranipora; 48. Tubulipora. 

Figure 36 x21; figure 37 x35; figure 38 x30; figure 39 x30; figure 
40 x 25; figure 41 x10; figure 42 x 20; figure 43 x 20. 


number is repeated consecutively an exponent is written to it; thus, in fig. 
48, IIIs* means IIIsss, 7. e., a bud of the third generation derived from the 
right lateral primary bud through the right lateral of the second generation. 
With slight modification this nomenclature would be equally applicable to 
the corals, or any other colonial type of organism. 
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In many cases, as in Aleyonidium (fig. 37), Schizoporella 
(fig. 39), Lepralia (fig. 36), and Bugula (fig. 41), one of the 
lateral primary buds is suppressed. Where but one of the lateral 
buds develops, it may be the right or left indifferently, as in 
Aleyonidium (Barrois'); or the right almost invariably, as in 
Schizoporella. In Schizoporella the left lateral is sometimes 
normally developed, but more often exists as a vestige or is 
totally lacking. Both lateral buds are, according to Barrois, 
never present together in Alcyontdium, but the indifferent posi- 
tion of the lateral bud indicates that the plan is fundamentally 
that of two lateral buds. In 7ubulipora, according to Barrois’ 
interpretation, Is (fig. 43) would be derived from I2; but from 
the analogy of other Cyclostomata,* and from a careful study of 
Barrois’ figures, the writer is disposed to consider Iz and Is as 
in reality representing the two lateral buds. It will be seen 
later to what extent the development of two lateral buds from 
the proteecium prevails among all types of Ectoproctous Bry- 
ozoa. The ananepiastic stage is quite similar for all. 


II. Development of Fenestella. 


45 


J 


Fiaures 44-46.—Primary budding stages of Fenestella coronis from the 
Lower Helderberg (Shaly) limestones of Indian Ladder, New York. 

45. Top figure, protcecium (*) and one lateral bud (I); middle figure, pro- 
toecium (*), one lateral bud and beginning of another (I, I); lower figure, 
proteecium (*) and two lateral buds (I, 1); 44. Protceecium (*), two lateral 
buds (Ip, Is) and two buds of the second generation (II, and II;) arising from 
I, and I; ; 46. Protcecium (*)and buds of the 1st (I,, Ix, Is), 2d (IIs, Is, Is:), 
8d (III,, IIIs) and 4th generations (IV2, IVs). 

All figures x 45. 


* Harmer"! has shown that two sister buds are thus derived from the pro- 
toecium in Lichenopora. 
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The neanastic stage begins with the assumption of the habit 
of budding that is to characterize the adult colony. In some 
cases (Membranipora, Bugula, <Alcyonidium) this takes 
place very early, the meta- and paranepiastic stages being 
greatly abbreviated or entirely lacking. In other cases (/enes- 
tella) the adult habit of growth is frequently not suggested 
until as many as fifty or sixty buds have been produced. The 
neanastic stage terminates with the development of an adult 
colony. 

The ephebastic and gerontastic stages refer, as in other 
organisms, to fully adult and senile growths. The latter, espe- 
cially, is marked by the extinction of the earlier polypides of 
the colony and frequently by profuse deposits of secondary 
sclerenchyma, as well as by other more or less extensive modifi- 
cations affecting the basal portion of the zoarium. 


Phylastice Stage. 


The youngest observed specimens of Fenestella consist of 
minute globular bodies (fig. 45) of a diameter of about 0°1™, 
found upon the zoaria of Orthopora, Callopora, and other 
Bryozoa of the Lower Helderberg (Shaly) limestone of Indian 
Ladder, N. Y. These minute bodies represent protcecia, and 
have a definite aperture, but if the vestibule ever existed it 
has been broken away. That they are the proteecia of Fenes- 
tella is proved by their size relative to the zocecia of adult col- 
onies of that genus, and by the very complete series (figs. 44— 
46) of connecting stages, as well as by the presence of similar 
bodies on the bases of adult Fenestella colonies. The young- 
est individual figured (fig. 45, top) has already developed one 
lateral bud. The protcecium may frequently be recognized by 
its large size and significant position in the cirele of zocecia 
often to be seen on the base of well-preserved zoaria; it can 
be identified in transverse sections cutting the initial region of 
the colony, and especially in transverse serial sections of this 
region. Its exact relation to the primary ‘buds has been 
repeatedly demonstrated in serial sections of exceptionally pre- 
served calcified material. The evidence bearing on this point 
will be presented in a later paper. 


Nepiastic Stages. 


Ananepiastic Stage.—The initiation of this most intevesting 
and significant stage in Fenestella conforms to the general 
plan that obtains throughout the Ectoprocta. It consists in 
the formation of two lateral buds (figs. 44—46, I2, Is) and later 
of a median bud (fig. 46, [1). This order of budding has been 
verified in numerous specimens of Fenestella from widely sep- 
arated horizons and localities. The lateral buds originate in 
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such a position as to give a backward trend or deflection to 
subsequent budding, thereby giving rise to a hippocrepian (fig. 
46) and later to a circular aggregation of buds (initial circle, 
metanepiastic stage, figs. 47-51) in which the proteecium occu- 
pies one end of a diameter, and the last formed bud of the 
circle, the other. The median primary bud arises from the top 
of the protcecium considerably later than the lateral buds, 7. e., 
at about the time of completion of the initial circle. It forms 
the first individual of the second tier of buds, which lie sym- 
metrically above the first tier. 

Metanepiastic Stage.—In Fenestella this stage consists of 
the completed initial circle of zoccia. It has been seen that 
the ananepiastic stage trespasses on it to the extent that the 
median bud does not arise till near the completion of this 
initial circle. It constitutes an incrusting growth formed by 
budding in a horizontal plane, from which the adult colony 
arises by budding in vertical planes. Typically it consists of 
ten zocecia including the protecium, but there is considerable 
variation from this number even within the limits of a single 
species, so that initial circles of eight, twelve, or fourteen 
zocecia are not uncommon, while in a peculiarly accelerated 
form found at Thedford, Ontario, only five of the typical 
number develop. In the latter, circles containing ten zocecia 
arise only after several generations of zocecia have been pro- 
duced in vertical series. Such a zoarium is shown in fig. 55. 
The full discussion of this type of zoaria is deferred to a later 
time. 

In certain cases the initial circle is arrested at a hippocrepian 
or semicircular stage, either because the full number of zoccia 
fails to develop, or because the trend of the budding produces 
too great a divergence of the series of buds to the right and 
left of the proteecium. From a metanepiasty of this type, a 
flabellate zoarium will arise, unless subsequent growth is of such 
a nature as to bring the lateral margins of the zoarium together. 


DESCRIPTION OF FiagureEs 47-54. 


Fieures 47-54.—Early stages in the development of Fenestelia from the 
Hamilton limestone of Canandaigua Lake, N. Y. (47-50, 53-54), and the 
Lower Helderberg limestone of Indian Ladder, N. Y. (51, 52). 

47-50. Top and side views of a young Fenestella slightly older than the 
individual shown in fig. 46. Initial circle of zowcia complete and walls of 
neighboring zocecia fused more completely than in 46. This specimen has 
ten (the typical number) zocecia. The origin of the primary carinz is shown 
atatof. 51. Another specimen at about the same stage as 47, primary 
carine atod. Each of the pits, a’ to d’', corresponds to two zoccia; a faint 
septum may be seen bisecting d'. The depressions in the basal plate (1 to 8) 
mark the position and limits of the exserted polypides. 52. Stage somewhat 
older, than 51, showing first branching of primary carina (d,, d,) and three 
tiers of zocecia (z, z, z, z,z, z). Note the great size and prominence of the 
earine. 53, 54. Another individual of the same age as 47. 

All figures x 40. 
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In rare instances the initially flabellate zoarium curves in the 
reverse sense and by fusion of the meeting edges forms an 
infundibular colony which has literally been turned inside out. 
Such zoarial modifications have given rise to the maximum of 
confusion in the- placing of species and genera of fenestrate 
Bryozoa, because in the adult colony lacking the base (as is 
almost invariably the case), the fundamental plan of budding 
is entirely obscured. 

The caring originate during the metanepiastic stage. 

Paranepiastic Stage.—Successive tiers of zocecia are added 
above the initial circle until a cylindrical stem is formed which 
constitutes the stalklike base of the adult cone. The parane- 
piastic stage may be greatly abbreviated where the cone 
expands almost from the first circle of zocecia, or it may be 
prolonged to five or six tiers of zoccia (fig. 55). If such a 
cylindrical stalk is conceived of as slit longitudinally down the 
side diametrically opposite the protcecium and unrolled and flat- 
tened out, it will be seen that the proteecium lies at the base of 
a vertical series of zocecia from which lateral branches are 
ene off on either side. In other words, the budding follows 

avenport’s law that the median bud continues the ancestral 
row. It is not certain, however, that any importance is to be 
attached to this law. 

Near the close of the paranepiastic stage the axis of the 
zoarium thickens preparatory to the expansion of the cone. 
This is well shown in figs. 55 and 56 (longitudinal sections) 
and figs. 58 and 62 (transverse sections) of specimens from the 
Hamilton of Thedford, Ontario. The thickened axis (aa) is 
composed of an outer wall continuous with the proper wall of 
the caring, and an inner dense deposit of punctate scleren- 
chyma. The section shown in fig. 60 cuts just at the top of 
this thickened axis. 


DESCRIPTION OF 55-60. 


Ficures 55-60.—Longitudinal and transverse sections of bases of Fen- 
estella from the Hamilton formation of Thedford, Ontario. 

55. Section of a Fenestella base cutting exactly in the plane of the axis 
and of the zocecial apertures to the right (1 to 10). The initial zocecium (pro- 
toecium) is at o ; the thickening of the axis (ax) commences at b' ; the apex 
of the cone of expansion of the colony is at p; the vesicular tissue (c’) 
above p is of secondary origin, forming during the mature and senile life of 
the colony. Fig. 56 shows the thickening of the axis, and oblique direc- 
tion uf the zowcia, but does not cut through the zoccial apertures. 57. 
Transverse section through the initial region of another individual (about in 
the plane of 1, fig. 55); a-e, primary carine ; 1 to 10, primary row of 
zocecia. 58, Transverse section through the thickened portion of the axis 
(about in the plane of az, fig. 55) of another individual; a-e, primary 
carine (see also fig. 62). 59. Transverse section in the plane of ec’, fig. 
55, showing nine carinez. 60. Transverse section in the plane of p, fig. 
55, showing, in the lower portion of the figure, a carina just in process of 
branching. 

All figures x 13. 
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Morphology of the Carine.—-The primary carine first make 
their appearance in the metanepiastic stage, and are intimately 
related to the basal plate (figs. 47-54). In fact the carina 
seems to originate as an upgrowth or fold of the basal plate. 
It is structurally double or more properly triple (figs. 57-62), 
consisting of a thin median plate or wall continuous with the 
axial wall (w) and coinciding with planes of division between 
adjacent zocecia; and on either side an outer iayer of dense, 
punctate sclerenchyma. This median or proper wall, as it 
approaches the axis, becomes extremely thin, and is therefore 
apt to be destroyed, a fact that will account for the hiatus 
between d and 7 and the stalk of the zoarium in figs. 48 and 49. 
In early stages the carinz are discrete, except near their junc- 
tion with the basal plate, where they coalesce with the 
upturned rim of the latter (figs. 47, 51); but in ephebastic 
and gerontastic stages the earlier formed zoccia become 
entirely submerged in a copious deposit of secondary scleren- 
chyma, which bridges adjacent carinz, and gives a perfectly 
smooth cylindrical aspect to the stalk of the colony (ef. figs. 
52, 58 and 60). 
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Ficures 61; 62.—Transverse sections of base of Fenestel/a from the Hamil- 
ton formation of Thedford, Ontario. 61. Transverse section in the plane 
of b’, fig. 55, showing the presence of five primary carine and ten zocecia. 
The heavy external wall joining a, b, c, d, e, is of secondary origin. 
In early stages the carine a, b, c, d, e, are discrete. The axis, ax, has a well- 
defined wall, w, continuous with the primary axes of the carine. 62. 
Same section as fig. 58—axial portion showing axial wall, w, and its continua- 
tion as the axes or midribs of the carine ; a-e, carine ; 1-10, zovecia. 

Figure 61 x 28; figure 62 x 31. 


The height of the carine, breadth of the basal plate, and 
position and extent of the secondary deposits are sharply 
defined by the limits of action of the exserted polypides. 
The circular or semicircular depressions frequently seen in the 
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basal plate opposite the aperture of each zocecium indicate very 
clearly the radius of action of each corresponding polypide 
(figs. 47, 51, 53, 54). It will be seen at once that the carina, 
without interfering noticeably with the movements of the 
exserted polypides, afford a very efficient means of protection 
against the snipping off, by some obnoxious visitor, of the 
tentacles of the polypides. That the danger of such rude 
treatment is by no means imaginary is abundantly proved by 
the fact that recent Bryozoa are frequently found with their 
tentacles lost or in various stages of regeneration. The carinz 
also function as strengthening structures, especially in the 
basal portion of the zoarium, and may, by secondary deposits 
during later growth stages of the colony, be greatly increased 
in height and breadth. The completed nepiastic stage, with 
its strong caring, is strikingly suggestive, both in external 
appearance and in sections, of a segment of Arthroclema. 
' (Cf. the axial region of fig. 55 with fig. 83, left.) 


Neanastice Stage. 


This stage begins with the assumption of the conical habit 
of growth. A plane passing through the apex of the cone (p, 
figs. 55 and 56), therefore, separates the nepiastic from the 
neanastic region of the zoarium. Fig. 52 shows a Fenestella 
just entering upon the neanastic stage. The nepiastic stage in 


this individual comprises three tiers of zocecia or thirty zocecia 
in all, including the protceecium. The first branching of one 
of the primary carine is shown at di, dz. Fig. 60 shows the 
same phenomenon in transverse section. Fig. 59 shows a 
transverse section cutting the neanastic region of a slightly 
smaller’ zoarium, at a somewhat higher level. The vesicular 
tissue occupying the apex of the cone is of altogether second- 
ary origin. It is deposited mainly during the gerontastic 
stages. 

It will be noticed that the zoccia of Fenestella lie always on 
the outside of the expanding cone, 7. ¢., they face away from 
the axis of the zoarium. It is also evident that this habit of 
growth is impressed upon the zoarium from the very outset. 
In any case where the initial circle of zocecia (metanepiasty) is 
completed, the resulting zoarium will be a cone with the zow- 
cia on its outer surface. Where, for any reason, the initial 
circle is incomplete or abuormal, the resulting zoarium will, as 
has been pointed out above, be flabellate, or produce a cone by 
modifications arising during the neanastic stage. Such abnor- 
mal cones may,-by reversal of the normal curvature, bring the 
zoecia on the inside. This fact does not, however, modify the 
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Sundamental type, which is determined by the position and 
orientation of the primary buds. It may, therefore, be posi- 
tively asserted that, ontogenetically considered, the zowcia of 
Fenestella always lie on the outer surface of the cone. 

It is now necessary to consider the question of the original 
definition of Fenestella. Several authors have recently 
restricted this genus to forms having the zowcia on the inner 
surface of the cone, notwithstanding the fact that Lonsdale,” 
in his original diagnosis of the genus, distinctly states that they 
lie always on the owter surface! It does not appear to the pres- 
ent writer that the fact that Lonsdale” afterward redefined the 
genus so as to make it practically coterminous with the whole 
family of Fenestellids, as at present accepted, has anything to 
do with the question. In any subsequent restriction of the 
genus by other authors, the original sense of the original pub- 
lisher of the genus should have been ascertained and followed 
as closely as possible. The first species mentioned by Lons- 
dale under the newly erected genus is Fenestella Milleri, 
named after Mr. Miller, who had already proposed the genus 
in manuscript. 4. Millert clearly and unmistakably has the 
zocecia on the outer surface of the cone. There cannot be the 
slightest doubt that /. Milleri represents Lonsdale’s original 
conception of the genus. In the face of this fact the claims of 
Gorgonia antiqua and Fenestella plebeia, which Mr. Shrub- 


sole" identifies with it, must be considered as worthless. 


Ephebastic and Gerontastic Stages. 


The detailed consideration of adult and senile stages of the 
zoarium of Fenestella raises certain points the discussion of 
which the writer prefers to postpone till a more complete sur- 
vey of the specific representation of this and related genera can 
be undertaken. Enough has been determined, however, to 
make it certain that the founding of species upon slight varia- 
tions occurring on small fragments of zoaria is an exceedingly 
questionable practice. The modifications of zoaria due to age 
may be profound. The writer has, for example, seen hundreds 
of specimens of most exceptionally well-preserved Lower Hel- 
derberg and Hamilton Bryozoa, in very many cases showing the 
entire zoarium. These specimens make it perfectly certain that 
many of the species that have been enumerated from these 
formations, and founded on fragments of zoaria, are spurious. 
They may often enough represent merely different growth 
stages of a single individual. Zhe only reliable criterion of a 
species is the entire zoariwm. 
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Ill. Development of Unitrypa. 


The genus Unitrypa is characterized by the presence of 
transverse bars or scale, connecting adjacent caring at inter- 
vals corresponding approximately to the spacing of the zocecia 
along the branches of the zoarium. Otherwise it conforms 
closely in habit and structure to Fenestella. The development 
of this genus reveals certain altogether remarkable features in 
connection with the origin of the ses alee, or carinal bars. 


Nepiastic Stage. 


The nepiastic colony of Unitrypa is an object of exquisite 
beauty, consisting of a delicate translucent cup wherein is 
lodged the pentamerously branching trunk or stalk of the 
zoarium, with its slender arching carinz and diamond-shaped 
incipient scale (figs. 63-68). The presence of this perfectly 
formed cup is altogether unique, and its intimate relation to 
the carinal superstructure is beyond question. 

The earliest stages (ana- and metanepiastic) of U/nitrypa are 
indistinguishable from corresponding stages of enestella. 
Very early, however, the margin of the basal plate begins to 
curve upward into a shallow cup or saucer. At this stage the 
caring have not yet made their : appearance, or are represented 
merely by slight ridges down the outer edges of the incipient 
branches (fig. “69). At a corresponding stage of Fenestellu the 
caring are strongly marked (fig. 47). The margin of the basal 
plate continues to grow upward until a deep cup is produced 
surrounding the branching stalk of the zoarium (figs. 63-68). 
Near the termination of this stage each branch (@’-e’) becomes 
united by a thin vertical plate (the carina) to the margin of the 
cup. This plate or carina sends out lateral processes about mid- 
way from the outer wall of the branch to the margin of the 
cup, at a point where the edge of the carina is abruptly deflected 
downward toward the wall of the cup (figs. 64, 65 and 69). 
The plane of these lateral processes is about parallel to a plane 
tangent to the wall of the cup where the carina joins it. In 
later stages these diamond-shaped processes are seen to coalesce 
midway between adjacent carinz, so as to form transverse bars 
or scale. The processes are therefore the rudiments of scale 
(fig. 70). The margin of the cup is frequently scalloped in a 
manner conforming to the curvature of the basal margins of 
these incipient scale. 

The primary branches originate at about the third or fourth 
tier of zoccia (fig. 69). The basal plate is indented opposite 
the aperture of each zocecium ‘of the initial circle. The nean- 
astic and later stages of Unitrypa are quite similar to corre- 
sponding stages of /enestella. The zocecia are carried up the 
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Figures 63-68.—Early stages of Unitrypa from the Lower Helderberg 
(Shaly) limestone of Indian Ladder, N. Y. 

63-65. Top, oblique, and profile views of an individual showing five 
— branches (a’ to e’), five carine (a to e), and transverse plates (p, p’). 

ig. 64 shows that the carina does not reach the bottom of the cup. In fig. 
65 the plate p’ is seen to be of diamond shape, extending laterally from 
the carina, while the parallelism between the slope of the plates and the 
wall of the cup is well shown at p. . 66-68. Another individual showing 
similar features. The hiatus between the carinz and the bottom of the cup 
is beautifully shown at a and d, fiy. 67, and one of the transverse plates at p, 
fig. 67, and p, fig. 88. 

All figures x 26. 
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branches in double rows in precisely the same way as in the 
latter genus. The presence of scale is the only distinguishing 
character. In Unitrypa as in Fenestella the zoecia are always 
on the exterior surface of the cone. 

Homology of Parts in Unitrypa and Fenestella—The 
caring are undoubtedly homologous in the two genera. They 
do not, however, reach the bottom of the cup in Unitrypa, or 


Figure 69.—Plan and elevation (semi-diagrammatic) of young Unitrypa of 
the stage shown in figs. 63-68. a-e, primary -carinew: a’-e', primary 
branches; p.i-ps, transverse plates (scale). The zocecia are numbered to 
correspond to fig. 61. Three rows are present below the margin of the cup 
and two above. The probable orientation of the exserted polypide is shown 
by the arrow at 4. ‘The basal plate is indented opposite each zocecium as in 
the young of Fenestella. x 26. 


at least if they did their inner portion was too delicate to be 
preserved (figs. 64, 67, 68). The cup is in appearance unlike 
anything to be found at a corresponding stage in Fenestella. 
Nevertheless there are strong reasons for considering it as 
homologous, in the main, with the basal plate of the latter. 
The rim of the cup may, however, represent one or more of 
the earlier scale fused with the margin of the basal plate. The 
scalloping of the rim suggests this latter interpretation. The 
cup might very well overspread the entire outer surface of the 
zoarium were it not for the necessity of adequate circulation of 
water over the zocecia. This condition is approximated in some 
types (Jsotrypa, Semicoscinium). 
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It is not unlikely that the form and position of the carine and 
carinal superstructures (scale, etc.) is very largely determined 
by the same necessity which, in the writer’s opinion, has, in 
the case of the Brachiopoda and Pelecypoda, given rise to 
shell plication, namely, that of admitting water and exclud- 
ing enemies. The protection afforded by such structures as 
the scale of Unitrypa and the still more elaborate super- 
structure of Hemitrypa* is very complete. Of course any such 


Ficure 70.—Base of a neanastic Unitrypa, showing obliquity of trans- 
verse plates (scale), and thickened and modified representative of initial cup. 
x 20. 


advantage is gained at the corresponding disadvantage of less 
perfect circulation of water over the zocecia than is the case 
where they are unprotected. 


1V. Development of Polypora. 
Nepiastic Stages. 


Ananepiastic Stage.—The earliest observed stage of Poly- 
pora consists of the proteecium and five encircling zocecia (figs. 
71-77). Even at this early stage the primary branches, seven 


* Thin sections indicate that the early nepiastic stages of Hemitrypa are 
identical with those of Fenestella. 
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in number, are defined (figs. 72, 73, a-g). In Polypora the dis- 
tal margin of the zocecia is elevated, so that by careful inspection 
of the initial region of a young colony, the initial (central) 
zocecium can be readily identified. In transverse sections, also, 
of the base of adult colonies the primary zocecia can be easily 
determined (fig. 77). In the section shown herewith, the pro- 
teecium, because of its lower position, and more intimate con- 
tact with the substratum, had been broken open from beneath 
through its thin basal plate, and infilled with the iron-stained 
material of the matrix, thus making it a very conspicuous object 
in the transparent section. The primary zocecia are arranged 
very symmetrically about the protcecium,—one in front, two 
to the right, and two to the left. There can be no doubt that 
the individual in front and the anterior pair of lateral indi- 
viduals represent the median and lateral buds. Whether the 
posterior pair of lateral individuals represents another set of lat- 
eral primary buds or was derived from the anterior lateral buds 
cannot at present be definitely settled. Certain silicified speci- 
mens of Polypora, showing the initial region at the base of the 
zoarium, make it practically certain that the zocecia in question 
were derived from the anterior lateral buds. In /etepora 
phenicea, which has exactly the same arrangement of zocecia 
about the proteecium as Polypora, these posterior buds are 
undoubtedly derived from the anterior laterals.* The buds 
marked II in fig. 77 are manifestly not derived from the 
proteecium. 

If the posterior pair of laterally placed buds is not primary, 
z. é., derived from the proteecium, the stage represented in fig. 
77 is to be regarded as metanepiastic, since the branching and 
ascent of the colony from the surface of support commence 
with the formation of the next circle of buds. Fig. 73 shows 
an individual just entering the neanastic stage. The meta- and 
para-stages are therefore greatly abbreviated in Polypora. 


Comparison with Fenestella. 

It requires no very minute inspection of the nepiastic stages 
of Fenestella and Polypora (ef. figs. 77 and 57; 76 and 46; 73 
and 47; 74 and 52) to reveala profound difference in the develop- 
ment of the two genera. The median bud of Polypora arises in 
front of the proteecium, instead of on top as in Fenestella. The 
proteecium of Polypora is surrounded by subsequent zocecia and 
therefore comes to occupy a central position. i Fenestella the 
proteecium remains one of a more or less complete circle of 
zocecia, and is in no sense central in position. The zoccial 
apertures face upward and toward the axis of the zoarium in 

*The budding order has been determined by the writer, in Retepora 
phenicea, from St. Vincent’s Gulf, S. Australia. Specimens showing the 


a alone, and the protcecium and three primary buds, are now in the 
ale University Museum, and will be described in a later paper. 
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Polypora, but outward and away from the axis in Fenestella. 
In normally developed Fenestella cones, therefore, the zowcia 


Figures 71-77.—Nepiastic stages of Polypora.* 71-76. Young individuals 
showing the protcecium (*) and primary buds (I, I, I) and the beginning of 
the primary branches (a to g). Fig. 74 (paranepiastic stage) shows the latter 
feature very perfectly. 77. Section through the base of an individual from 
Thedford, Ontario, showing protcecium (*) surrounded by seven zoccia, five 
of which are in contact with it. I,, I,, and I; must have arisen from the 
proteecium. 


Figures 71-74 x 26; figures 75-76 x 30; figure 77 x 13. 
are always onthe outer surface of the cone, while in normally 
developed Polypora cones the zowcia are always on the inner 
surface of the cone. The type is determined by the position 
and orientation of the primary buds. 


* Compare with these figures, Ulrich’s figures of Sphragiopora. Geol. 
Sur. Illinois, viii, pl. Ixv, figs. 6, 6a. 
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In Polypora as in Fenestella a partial or asymmetrical 
development of the metanepiasty may give rise to flabellate 
forms, and by reversal of curvature an occasional cone may 
arise in either genus, with the zocecia on the surface opposite 
the usual one, 2. ¢., the zoarium may turn inside out. Such 
variations in no way modify the fundamental type. 

Notwithstanding, therefore, the insistence with which 
authors have proclaimed the intimate connection between 
Polypora and Fenestella, such supposed close relationship is 
only another case of morphological equivalence. Waagen and 
Pichl’s* erection of subfamilies for the reception of these 
respective types is more than justified by unmistakable evi- 


Figures 78-80.—Initial zocecia of Paleschara from the Lower Helder- 
berg (Shaly) limestone of Indian Ladder, N. Y. Black = protcecium ; cross- 
hatched (1 to 8)= primary buds; cross-lined = interstitial buds of a later 
generation. 1, 2, and 3 are in immediate contact with the protecium. 

79-80. Lower surface of the colony ; 78. Uppersurface. The primary zocecia 
diverge rapidly in passing to the upper surface. 

Figures 78, 79 x8; figure 80 x 32.* 


dence, of the existence of which those authors were, however, 
entirely ignorant. Fenestella and Polypora, as now consti- 
tuted, comprise a heterogeneous assortment of forms, partly 
belonging to outside genera and partly entitled to remain 
where they are. When the correct generic relationships of 
these forms are determined, the proper arrangement of genera 
will be to place all forms having the nepiastic stages as in 
Fenestella in the family Fenestellide, and all forms having 
the nepiastic stages as in Polypora in the family Polyporide. 
Thamniscus will not belong to either of these families. The 
position of the other genera now referred to the family Fen- 
estellide as at present constituted, can be determined by an 
investigation of their development. The writer does not ven- 
ture an opinion beyond the limits of the types already so 


* The numbers i, 2, 3, etc., in these figures are not intended to indicate 
the order of budding. 
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studied. Certain persistently flabellate forms should, however, 
be placed in appropriate genera, as suggested by Simpson.“ 

The number of rows of zocecia, which has been considered 
the chief differential character between Polypora and Fen- 
estella, is of altogether subordinate value. Carinz do not 
occur in Polypora. It is believed that there are physiological 
as well as developmental reasons for this. 


V. Development of Paleschara. 


Two specimens of Paleschara from the silicified Lower 
Helderberg material show the initial region of the zoarium 
(figs. 78-80). The protcecium is slightly larger than the other 
zocecia and is closely surrounded by eight buds. Whether 
these all originated from the proteecium cannot be determined ; 
from the analogy of other Bryozoa the belief would be justi- 
fied that they did not. It is significant that their number and 
arrangement are the same as in the recent genus Microporella. 
The zocecia numbered 1, 2, and 3 in the figures are in more 
intimate contact with the proteecium than the others (4-8) 
and may represent the median and lateral buds. From the 
analogy of Microporella, however, the median bud should be 
lacking ; and 3 and 8 should represent the lateral buds from 
which 1 and 2 were produced. 


VI. Conclusions. 


In general all Bryozoa, both recent and fossil, thus far 
studied, conform to a fundamental plan of primary budding. 
This consists in the development from the protcecium of one or 
two lateral buds and frequently of a median bud which arises 
somewhat later.* Any apparent departure from this plan is 
found on closer inspection to conform to it. enestella, Uni- 
trypa, Polypora, and probably Paleschara conform strictly to 
this plan of budding. 

In Fenestella the primary buds arise in such a position and 
are so orientated as to cause the apertures of all subsequent 
zocecia to face away from the axis of the zoarium. In Poly- 
pora the primary buds arise in such a position, and are so 
orientated as to cause the apertures of all subsequent zocecia to 
face toward the axis of the zoarium. This difference is taxonomi- 
cally of family value. In certain cases the full number of buds 
may be lacking in the metanepiastic stage, or, when present, 
‘ they may have an unusual arrangement, and give rise, for either 
reason, to asymmetrically developed or flabellate colonies. Such 

* This fact will afford a solution to the systematic position of the Treposto- 


mata, since the budding from the prototheka (mpato¢ + O4xn) of corals follows 
an entirely different law. 
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colonies arise in both the Fenestellide and Polyporide, and may 
be produced with such persistence as to give rise to flabellate 
genera. In other cases they occur sporadically, and undoubtedly 
in its phylogenesis this peculiarity first occurred only in ocea- 
sional individuals. 

The carine of Fenestella originate as septal upgrowths of the 
basal plate, coinciding with planes of division between adjacent 
zoccia. They are manifestly protective and strengthening 
structures. 


Figure 81.—Stomatopora from the Trenton of Minnesota, showing the 
propagation of the colony by simple linear budding, or by formation of two 


lateral buds. x 6. 
Figure 82.—Proboscina from the Trenton of Minnesota, showing incipient 


coalescence of branches. x 12. 

Figure 83.—Arthroclema from the Trenton of Minnesota, with transverse 
and axial sections of another species. Compare with axial portion of fig. 55. 
Sections x 13; other figures x 9. 


Onitrypa and Hemitrypa conform in their ana- and meta- 
nepiastic “g * to Fenestella, but differ from the latter in the 
production, during the paranepiastic stage, of a peculiar cup, 
surrounding and embracing the basal stalk of the zoarium. 
This cup represents the upgrowth of the margin of the basal 
plate, and the fusion therewith of one or more series of primary 
scalee, through acceleration of growth of the latter structures. 
In their ontogenesis the scale are intimately related to the 
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carinse, and represent a further elaboration of the latter for 
protective purposes. 

It is still too early to attempt a phylogenetic classification of 
the Ectoprocta. The present studies will, it is believed, indi- 
cate the direction in which such a classification must be sought. 
The budding of all colonial organisms, after the primary stages, 
is apt to be very irregular, since the growing colony as it in- 
creases in size is more and more compelled to accommodate 
itself to the limitations of space and food supply. Only the 
nepiastic stages, therefore, have any phylogenetic value or any 
classificatory value higher than generic. The uniformity of 
the nepiastic stage in Bryozoa (Ectoprocta) suggests a com- 
mon ancestor, which propagated by means of lateral buds, 
forming bifurcating series.* Stomatopora presents this type 
of budding, rarely - oducing a median bud in addition to the 
two lateral ones. here there is a linear series of buds, the 
writer is disposed to consider the individuals of such a series 
as representing unpaired lateral buds (fig. 81). Some speci- 
mens of Stomatopora very forcibly suggest this interpretation. 

Through Probdoscina (fig. 82) and related forms, the genetic 

line from linear and anastomosing zoaria like Stomatopora to 
_ true incrusting forms is very complete; and the development 
of Fenestella seems to show how cylindrical and infundibular 
zoaria may be derived from incrusting zoaria. The ancestors 
of the Ectoprocta (Cyclostomata, Cryptostomata, Chilostomata) 
may be sought, therefore, in the direction of Stomatopora-like 
ty pes. 
"Foster than supplying a method, the present studies have 
done little to clear up the mystery of the Trepostomata. In 
the writer’s opinion, they indicate a rather more remote rela- 
tionship between this and other orders of Bryozoa than certain 
authors have held. The Trepostomata are a very ancient type, 
but they probably do not stand in a linear relation to any 
other order of Bryozoa.+ 

The author’s studies strengthen the view advanced by 
Ulrich* that the Cryptostomata are the Paleozoic representa- 
tives of the Chilostomata. Polypora and Retepora are pre- 
cisely alike in their early budding stages. 


November, 1903. 


* Davenport’ holds a somewhat different view. 
+ Phylioporina is a composite genus in no way ancestral to Fenestella. 
P. corticosa belongs to the Trepostomata. 
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Art. V1. — Effects on Rare Earth Oxides produced by 
Radium-Barium Compounds and on the Production of 
Permanently Luminous Preparations by Mixing the 
Latter with Powdered Minerals; by Cuartes Basker- 
VILLE and GroreE F. Kunz. 


Tue following rare earth oxides in powdered condition were 
mixed with radium-barium chloride of 240 activity. The 
mixture was shaken in test tubes and carefully observed in 
the dark to note any luminosity. None was observed with 
any one of the oxides. The following oxides were used: 
thorium, zirconium, titanium dioxides; zine, cerium, lantha- 
num, yttrium, ytterbium, erbium, a mixture of the last three, 
praeseodidymium, neodidymium, lanthanum, gadolinium, sama- 
rium and uranium oxides.* They were not examined with a 
microscope, although a magnifying glass was used. 

Berthelot} compared certain specific chemical reactions 
caused by light and an electric current with those provoked by 
radium. He noted that the work is tedious on account of the 
small quantities of radium to be used and the necessity for 
working in glass envelopes, which absorb part of the rays and 
in certain cases probably the most efficient portion. M. and 
Mme. Curie noted that various chemical effects produced by 
radiations from radium were similar to light. Beequerelt 
extended the examination with a sealed glass tube enveloped 
in aluminum foil. Glew§ gives a random list of substances 
which fluoresce, and some which do not, when submitted to 
the action of radium bromide within a glass container and sur- 
rounded by black paper. Crookes’ spinthariscope| is an instru- 
ment for showing the luminescent effect produced upon a 
Sidot’s blende screen by exposed radium salts. Elster and 
Geitel4| independently observed the luminosity produced by 
the bombardment of radium “electrons” and showed the 
difference between phosphorescence produced by emanation 
and that produced by illumination. We have not, however, 
learned of any experiments where pulverized materials, mineral 
and chemical preparations, have been mixed directly with 
radium-barium compounds of different composition and activi- 
ties in this manner. 

We** have mixed pulverized chlorophane, willemite, zine 
oxide (made by the French process), zine sulphide, and 

* The sources of these oxides are given in aprevious paper. This Journal, 
Dec., 1908, p. 465. 

+ Compt. Rend., cxxxiii, 659. ¢ Compt. Rend., cxxxiii, 709 (1901). 


§ Nature, July 2, p. 3, 1903. | Chem. News, Ixxxvii, 241. 
] Physik. Zeitschr., iv, 15, 439. ** Trans. N. Y. Acad. Sci., Oct. 6, 1903. 
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kunzite,* with radium-barium chloride (240 activity) and ear- 
bonate (100 and 40 activities). All gave good luminosity. 

It may be recalled that in a previous communication it was 
stated that of the oxides mentioned above when submitted to 
the action of ultra-violet light, only two of them became phos- 
phorescent, namely, zirconium and thorium dioxides. 

Further, it should be noted that one of these oxides is not 
radio-active, namely, zirconium dioxide, while thorium dioxide 
is; also that uranium oxide, which is radio-active, does not 
respond to the ultra-violet light. Js ¢¢ possible that we have a 
common constituent in zirconium and thorium that differs 
Jrom the others and still is different from the constituent 
which makes uranium responsive ? 

It has been frequently noted and is well known that chloro- 
phane is extremely sensitive to ethereal or mechanical stresses, 
giving evidence of such sensitiveness by luminosity. We have 
learned, as will be published later in full, that chlorophane 
contains yttrium and ytterbium. Neither of these oxides 
responds either to the ultra-violet light or the radium ; hence 
we canpot attribute the sensitiveness of chlorophane to their 
presence. Js tt not possible that we have here, as well as in 
willemite and the other zine compounds mentioned, a new sub- 
stance, perhaps elementary, which acts as a radium foil, 2s it 
were ? 

We propose to carry on further the investigation of these 
matters. 

* This contains zine as will appear shortly in the completed analysis by 
one of us (B) and Davis. 


Barus— Nuclei produced by Shaking Different Liquids. 81 


Art. VII.—On the Numbers of Nuclei e roduced by Shak- 
ing Different Liquids and Allied Resu by C. Barus. 


1. In my report on the nucleus,* I showed that the number 
produced in a given mode of comminution was least in pure 
water, greater in dilute organic solutions and still greater in 
dilute inorganic solutions, all of the same strength. Results 
were also given for other solvents than water, in particular for 
benzol; but I was unable to reduce the data to the same scale 
as for aqueous solvents, as the data needed for the reductions 
were not at hand. I[ have since found that the method of 
Wilson and Thomsont+ lends itself to benzol and have, there- 
fore, computed the data over again as shown in Table I. 

The pressure reduction used to effect the condensations was 
throughout 69 = 16. Hence at about 20° the adiabatic fall 
of temperature in case of a benzol-air medium should be as 
far as —10°2°, the rise of temperature thereafter (due to con- 
densed liquid) to 11°3°, and consequently the liquid benzol 
precipitated per cubic centimeter m = 30°4X10-° grams. The 
goniometer factor was @ = ‘0031 = ds, being the product of 
the diameter d of. the fog particle and the apertures of the 
corona. Hence the number of nuclei per cubic centimeter is 
finally n = 1°95 (10 s)*, all the coronas in question being normal, 
excessively intense and brilliant. 

This may be compared with water. The corresponding 
temperature reduction of the water air medium is to —7°6°, the 
rise of temperature due to the ensuing condensation-.as far as 
9°5°, so that m=45X10~° grams per cub. em., almost 7 
times smaller than the corresponding datum for benzol. When 
the same goniometer as above is used, therefore, n = *29 (10 8)’. 


TaBLE I,—Number of nuclei produced by identically shaking solutions of 
one per cent concentrations. 
Nuclei per 
Solution, etc. em® of air. 
Pure water 130 
sucrose, glucose, glycerin, 


urea, tartaric acid 


Organic bodies in water 630 
Na, CaCl, Ca2NO, 

Inorganic salts in water 1260 K,80, FeCl 
| Na,PO, HCl H,NNO, 
Naphthalene in benzol- 3500 
Paraffine in benzol ---- 5000 

* Smithsonian Contrib., No. 1373, chap. v, 1893. 

+ Phil. Mag. (5), xlvi, p. 538, 1898. 


. Am. Jour. Sct.—FourtH Series, XVII, No. 97.—JanvaRy, 1904, 
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The curious result thus appears that the number of nuclei 
produced by a definite amount of shaking is least for water, 
about 5 times greater for dilute organic solutions in water, 
about 10 times greater for dilute inorganic solutions in water, 
and about 30 to 40 times greater for dilute solutions of non- 
conductors like naphthalene and paraffine in benzol. It is diffi- 
cult to even conjecture a reason for this behavior. 

2. Coronas in general.—The coronas in benzol for the same 
pressure differences as above are all normal even if nucleation 
from sulphur, phosphorus, ete., is introduced. From the slow 
diffusion of the vapor they soon become distorted during suc- 
cessive exhaustions unless the vessel is shaken between each. 
It is interesting to show, however, that in spite of the normal 
coronas, the high initial nucleation is fully accounted for. To 
do this I shall select a series of observations for coronas in 
benzol vapor at random (Il. ¢., p. 56). Sulphur nuclei were 
used and the vessel shaken between observations. The table 
gives the results. 

TaBLE II.—Coronas in benzol vapor, shaken between observations. 

18" ; n = 6m/rd? ; m = 83 x 10-*g per cm®; d = *00144/s. 

Exhaustion d x 10° nx 10-% 


No. computed. computed. 
cm. 


Fog without coronas 6,800 
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Computed exponentially the initial nucleation would run up 
into the millions. The observations are not, however, in keep- 
ing with such a locus and conform more closely to 1 = d(1/d,— 
z0/a) or 8s=8,—oz and ds=a. For present purposes this is 
near enough. I shall, therefore, lay off the aperture s asa 
linear function of the number of the exhaustion 2, for which 
the observations show per unit of z, in case of sulphur nuclei, 
5s.= *28 and in case of punk nuclei 6s = -19. The initial aper- 
ture computed herefrom as the mean of six series in each of 
which the nucleation was introduced independently, are for 
sulphur, s, = 3°4and for punk s,=2°2. Hence nm, = 840,000 in 
the former case and n, = 230,000 in the latter. 


- 

610 
8 120 
1°0 52 
1°3 23 
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Since the pressure ratio was in each case 1°36, the nuclei in 
the influx air passing over burning sulphur or glowing punk 
must have been 3°8 times more numerous. Thus there were 
nearly 3 million sulphur nuclei and nearly 900,000 punk 
nuclei per cubic centimeter in the laden air currents entering 
the condensation chamber. 

I shall show elsewhere that the equation applicable to the 
present experiments is 


(2—Z) log y 


N, = Nz10 II (1—S/s’), 
Z 


where mz is the initial nucleation, y the volume ratio on exhaus- 
tion, z the number of the exhaustion and S an appropriate sub- 
sidence constant. The function II is a product of the terms 


(1—S/s*,) (lt —S/s*z,,) .. (1—S/s*,_,) 


so. that Z is the number of the exhaustion in which the first 
corona is seen and IT=1. When the particles are as large as 
is the case for benzol the subsidence function is of prevailing 
importance and masks the exponential function, as all the 
observations for benzol show. have carried this method out 
for water vapor, obtaining consistent results throughout. The 
present observations for benzol are scarcely systematic enough 
to make worth while to compute S, and the experiments should 
be such in which the diffusion and homogeneity of vapor is 
ensured by continued rotation of the vessel rather than by 
shaking. But there can be no doubt that with proper pre- 
cautions in this respect, the number of nuclei furnished per 
cubic centimeter by any given nucleator can be determined 
with benzol vapor, as the coronas are all normal even for large 
values of nucleation, with certainty. 

'3. Awial colors.—It is because of the relatively great num- 
ber of relatively large particles in case of benzol and similar 
hydrocarbon vapors, that the axial colors are seen and may be 
traced into much higher orders than is the case with water 
vapor. The yellows, browns, etc., of the first order may be 
easily obtained with the steam jet though they can not be 

roduced in the condensation chamber by any means whatever. 

he subsequent violets, blues, etc., however, are here distinctly 
seen as far as the orange-red of the second order, after which 
the admixture of white light makes recognition of color more 
and more difficult. With hydrocarbon liquids like gasolene, 
benzine, etc., the axial colors are seen much farther along the 
series even through a short column, and they are intense in the 
drum. The difficulty in observation encountered is due to the 
slow diffusion and consequent absence of homogeneous vapor. 
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I hope, however, by keeping the drum in rotation around the 
axis of vision as already suggested to counteract this discrep- 
ancy and correspondingly to prolong the series. 

4. Carbon disulphide.—The vapor of this reagent is another 
in which coarse normal coronas usually appear. The endeavor 
to produce the higher coronas with sulphur, punk or air nuclei 
fails if the pressure differences are of the same order as those 
used for water. Particles of the fog are usually about d= 
°001™ in diameter for strong nucleation, and the dense coronas 
produced on shaking showed diameters of the order of d= 
0015 under the given conditions of exhaustion. Relatively 
‘large coronas were obtained with nuclei which apparently rise 
from this reagent spontaneously. Thus after about 2 hours 
d = ‘002, after 6 to 15 hours d = ‘0012 was observed. The 
fact that the coronas increase in size in the lapse of time sug- 
gests other explanation than the slow diffusion of vapor or the 
difficulty in keeping it uniformly saturated when successive 
exhaustions are made. For in this case coronas would decrease 
and the size of the particles increase, whereas the reverse is 
observed. 

The computation of the number of nuclei per cubic centi- 
meter for carbon disulphide is more precarious in view of the 
high vapor pressures and the deficiency of data applying 
throughout the range of temperature involved. For the case 
of a pressure decrement of dp = 18™ from 76, and at 20°, 
the adiabatic fall of temperature would be as far as —34°, the 
rise therafter due to condensed liquid as far as 5°. This 
implies 53 10-° grams of fog particles per cubic centimeter, 
whence with the above goniometer the number of nuclei per 
cubic centimeter would be n = 34 (10 s)’ = -10/(10 d)’. 

The coronas obtained by spontaneous nucleation thus corre- 
spond to » = 13,000 after three hours and m = 50,000 after 6 
hours or more. Finally punk nuclei after two or three exhaus- 
tions with shaking were still present to the number of x = 
75,000 per cubic centimeter. 
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I. CHEMISTRY AND PHysICcs. 


1. Titrations with Potassium Iodate. — A new application of 
iodates in volumetric analysis has been devised by LaunceLor 
W. Anvrews. This depends upon the fact that in the presence 
of a great excess of hydrochloric acid the reaction 


H10, + 2HI+3HCl = 3ICl+3H,O 


takes place, and upon the fact that while iodine itself colors an 
immiscible solvent, such as chloroform or carbon tetrachloride, 
the iodine monochloride imparts no color to the solvent, although 
it gives a bright yellow color to the hydrochloric acid solution. 
Therefore, the iodine in an iodide may be accurately determined 
by placing the solution of the iodide in a glass-stoppered bottle, 
adding about an equal volume of concentrated hydrochloric acid 
and about 5° of chloroform, and then running in a standard 
solution of potassium iodate until, after shaking, the chloroform 
becomes colorless. The end-reaction is exceedingly sharp, while 
ferric and cupric salts, oxalic acid and small quantities of bro- 
mides do not interfere with the operation. The process may be 
used also for the determination of free iodine, in which case the 
following reaction takes place : 


HIO, +41 +5HCl = 51C1 +3H,0. 


It may be used in determining chromates, if a titrated solution 
of potassium iodide is at hand. In this case an excess of the 
iodide is added to the chromate solution, and the excess is deter- 
mined by the addition of iodate solution. Chlorates can be 
determined in a similar manner, but here an amount of pure fum- 
ing hydrochloric acid at least one-third greater than the volume 
of the solution should be added, and the bottle should be allowed 
to stand for 15 minutes before titrating with potassium iodate. 
Solutions of arsenious acid or chloride can be titrated in the 
same way as iodides. Here, however, the amount of actual 
hydrochloric acid in the liquid must be kept between 15 and 25 
per cent. The determination of antimony is precisely like that 
of arsenic. Since copper as a cupric salt does not interfere, it is 
possible to determine arsenious acid in Paris green without a pre- 
liminary separation. Ferrous salts can be titrated in exactly the 
same way as iodides, but here the end reaction appears to lack 
sharpness, although test analyses with ammoninm-ferrous sulphate 
gave very satisfactory results. 

The method promises to be an important addition to our volu- 
metric processes, since nearly all of the analyses usually made by 
Bunsen’s method of distillation can be made by it more easily, 
and also because it is applicable to some important special cases. 
—Jour. Amer. Chem. Soc., xxv, 756. H. L. W. 
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2. The Oxidation of Platinum. — It has been generally sup- 
posed, up to the present time, that metallic platinum is inca- 
pable of being oxidized by the action of air or oxygen, and that 
platinum-black consists of a mechanical mixture of pure plati- 
num with condensed oxygen. The latter view does not appear to 
be in accordance with general chemical principles, but it has held 
its place in chemical literature, probably on account of the high 
authority of Liebig and Débereiner who advocated it. Loruar 
WO6uteER has recently described an elaborate research in regard 
to the behavior of platinum with oxygen, and he has shown con- 
clusively that this metal is susceptible to oxidation. The presence 
of an oxide in platinum-black was shown by the fact that iodine 
was set free by it from potassium iodide. It was found that 
platinum-black, by being heated for a long time in contact with 
oxygen, took up the latter to the extent of 1°92 per cent at 100° 
and 2°35 per cent at 300°, although the limit of oxidation was not 
reached. It was found that oxidized platinum-black was soluble 
in dilute hydrochloric acid to the extent of from 10 to 18 per 
cent of its platinum, and it was found that precipitated platinous 
hydroxide was entirely analogous in many reactions to the oxi- 
dized platinum-black. Moreover, grey platinum sponge, by long 
heating in oxygen at 420-450°, was converted to the extent of 40 
per cent into a black powder which was found to be platinous 
oxide, although the limit of oxidation was not reached, and even 
the oxidation of platinum foil was found to be possible, as was 
shown by its increase in weight and very marked change in color. 

The results of this investigation are important, since they 
furnish a satisfactory explanation of much of the chemical 
behavior of finely divided platinum.— Berichte, xxxvi, 3475. 

H. L. W. 

3. The Production of High Vacua for Distillation. — Chem- 
ical distillations under diminished pressure are commonly made 
by use of the water-jet pump, but the nearest approach toa 
vacuum obtainable with this apparatus is from 8 to 15™™ pressure, 
according to the temperature of the water. For lower pressures 
mercury pumps or other air-pumps may be used, but as these are 
not always available, Ernst ErpMANN has devised a process for 
the purpose which depends upon the low vapor tension of carbon 
dioxide at the temperature of liquid air. The apparatus to be 
used for distillation is first exhausted by means of the water 
pump to 30 or 35™™, then, by means of a suitable connection pro- 
vided with a glass stop-cock, carbon dioxide produced in a Kipp 
generator and dried with sulphuric acid and calcium chloride is 
admitted until the apparatus is filled with it. The apparatus is 
then exhausted as before, and the filling with carbon dioxide and 
exhaustion are repeated three times, when a small bulb connected 
with the apparatus is immersed in liquid air. The pressure then 
sinks within a minute to less than 0°5™", usnally to U°2 or 0°3™". 
If the filling with carbon dioxide and exhaustion have been 
repeated a fourth time the pressure is still lower, and it has been 
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found that where the use of rubber stoppers and tubing is avoided 
it is possible to produce a cathodic vacuum by this method. The 
article under review states that the liquid air, a supply of which 
is necessary for this process, can now be purchased in London for 
less than 50 pf. per kg, and that it is becoming more easily 
obtainable in Germany.— Berichte, xxxvi, 3456. H. L. W. 

4. A Method of Crystallizing difficultly Soluble Substances.— 
A. DE SHULTEN employs for the purpose under consideration a 
process which consists in mixing, very slowly, hot, dilute solutions 
of two substances which give the substance sought by double 
decomposition. 

For example, a solution of 10% of BaCl,- 2H,O in 3 liters of 
water, to which are added 300° of concentrated HCl, is heated in 
a flask on a water-bath, and into this are allowed to fall drop by 
drop, at the rate of one or two drops per minute, 2 liters of a 
solution of sulphuric acid containing 2° of the acid per liter. 
After 24 hours the first crystals of barite appear at the bottom of 
the flask, and they increase gradually without the formation of 
any precipitate. At the end of a month 8 or 9* of barite are 
formed. By the same process alumina is deposited in the form 
of hydrargillite. The author has obtained several other artificial 
minerals in this way, including celestite, anglesite, haidingerite, 
erythrite, annabergite, and scheelite.— Comptes Rendus, cxxxvi, 
1664. H. L. W. 

5. Fractional Distillation ; ‘by Sypney Youne, 12mo, pp. 
284. London, 1903 (Macmillan and Co.).—This book has been pre- 
pared with the hope that the solution of the difficulties which so 
often occur in carrying out a fractional distillation may be ren- 
dered easier, and that the value and economy of highly efficient 
still-heads in laboratory work may come to be more widely recog- 
nized than is generally the case at present. It is an excellent 
treatise on the subject, and chemists will find it interesting as 
well as useful. H. L. W. 

6. Elektro-Metallurgie ; von Dr. W. Borcuers, Dritte Auflage, 
Zweite Abtheilung. 8vo, pp. 289 to 578. Leipsic, 1903 (S. Hirzel). 
—The first part of this book was noticed in this Journal about a 
year ago. The second part now under consideration completes 
the work. It treats of silver, gold, zinc, cadmium, mercury, 
tin, lead, bismuth, antimony, vanadium, chromium, molybdenum, 
tungsten, uranium, manganese and iron, as well as of carbides and 
silicides. The work is a very important and valuable contribu- 
tion to the theoretical and practical knowledge of this rapidly- 
developing branch of industry. H. L. W. 

7. A New Form of Galvanometer.—One hardly expects to 
find in the description of new galvanometers a radical departure 
from old types, yet the instrument devised by W. ErytHoven of 
the physiological laboratory of the University of Leyden justi- 
fies the title of a new galvanometer. It consists of a silvered 
quartz fiber of extremely small diameter, 2-1» diameter, which is 
stretched between the poles of a magnet. When the magnetic 
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field is excited the filament moves out of the field and the move- 
ment is read by a microscope. The author was led to devise the 
instrument from a consideration of the elements which enter into 
the law for the normal sensitiveness of a galvanometer. It was 
seen that a mirror, however small, limited the possible sensitive- 
ness. The quartz fiber was stretched between the poles of a mag- 
net of 12°5°™ height, which enclosed a field of from 20,000 to 
23,000 c. g.s. The poles are bored in order to light the fiber 
and also to allow the use of a microscope. By means of a slit at 
right angles to the axis of this boring, it was possible to photo- 
graph the excursions of the fiber under varying currents. Photo- 
graphs of these oscillations are given. The microscope employed 
magnified 660 times. The period of swing is very short; in a 
case mentioned by the author only 0°004 sec. The sensitiveness 
is from 100 to 200 times that of the most sensitive instrument 
(Panze galvanometer of Rubens) hitherto constructed. The 
instrument is not affected by jars and vibrations to which other 
galvanometers are subject, and would seem to be of great use in 
the detection of minute currents, or rapidly varying currents, 
which are studied in physiological investigations.—Ann. der 
Physik, No. 13, 1903, pp. 1059-1071. oe 

8. The Magnetic Properties of Systems of Corpuscles describ- 
ing Circular Orbits——This paper by Prof. J. J. Tuomson is 
mathematical and not experimental. The problems discussed are : 

(1) The magnetic field due to a number of negatively electrified 
corpuscles situated at equal intervals round the circumference of 
a circle and rotating in one plane with uniform velocity round its 
center. 

(2) The effect of an external magnetic field on the motion and 
periods of vibration of such a system. 

These problems are met with when we attempt to develop the 
theory that the atoms of the chemical elements are built up of 
large numbers of negatively electrified corpuscles revolving around 
the center of a sphere filled with uniform positive electritication. 
The mathematical analysis shows that when the velocity of the 
particle is small compared with V, the velocity of light, the rate 
at which energy radiates, diminishes very rapidly as the number of 
particles increases. It is also shown that a body whose atoms 
contain systems of rotating particles is not necessarily magnetic, 
and that we cannot explain the magnetic or diamagnetic proper- 
ties of bodies by the supposition that the atoms consist of 
charged particles describing closed. periodic orbits under the 
action of a force proportional to the distance from a fixed point. 
We cannot explain the magnetic properties of bodies by means 
of charged particles describing, without dissipation of energy, 
closed orbits. When there is dissipation of energy the particles 
may possess magnetic properties. 

In discussing this point, Thomson remarks that if the energy of 
projection were derived from the internal energy of the atom, 
there would be a continual transference of energy from the atom 
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to the surrounding systems; this would tend to raise the tem- 
perature of the system. He proposes to test the question whether 
the temperature in the middle of a mass of a magnetic substance 
like iron, whose surface is kept at a constant temperature, differs 
from the temperature inside a mass of a non-magnetic substance 
like brass, whose surface is kept at the same temperature.— Phil. 
Mag., Dec., 1903, pp. 673-693. J.T. 

9. Laboratory Physics. A Student’s Manual for Colleges and 
Scientitic Schools; by D. C. Miriter. Pp. xv+403. New York, 
1903 (Ginn & Co.).—This is a book to be highly commended. The 
experiments given with the object of teaching manipulation are not 
too trivial as it is too often the case, and those given to illustrate 
or demonstrate principles are not too intricate or difficult for the 
_ grade of students for which the book is written. The introductory 
remarks on observations, errors, corrections, probable error, signifi- 
cant figures, graphical methods, etc., are admirably done. The book 
is kept within a reasonable compass by means of giving the theory 
of the experiments for the most part in references. In order for 
this method to work satisfactorily, an adequate quiz system must 
accompany the laboratory work. This is in line with the author’s 
aim to make the laboratory an intimate and not a separate part 
of the general instruction in physics. He advises that more than 
half of the whole time spent on physics be given to lectures and 
recitations. This idea of the unity of the subject is one which 
the prevalence of the elective system in this country has tended 
to obscure. The separation between experimental and theoretical 
physics is intellectually vicious, though, unfortunately, often made 
in our colleges. Hence it is doubly a pleasure to welcome a book 
that aims to aid in the teaching in the laboratory of that part of 
theoretical physics which can advantageously be so taught; and 
not to teach “Experimental Physics” as if it had a separate 
existence. 

The book closes with an adequate set of tables of physical con- 
stants, etc., though why such a useless table of trigonometric func- 
tions should be included is hard to see. L, P. W. 

10. Physical Laboratory Manual for Secondary Schools ; by 
S. E. Coteman. Pp. 234. New York, 1903 (American Book Co.). 
—This appears to be an excellent example of this class of manual. 
Seventy-seven exercises, of which about two thirds are quantita- 
tive, are outlined. Of these some forty or fifty are suggested as 
covering the usual ground of the laboratory courses of secondary 
schools, thus leaving considerable margin of choice in experiments 
to the teacher. The directions, as far as examined, seem to be 
clear and concise. The attention paid to the computation of per- 
centage errors in data and result is especially to be commended. 
The main adverse criticism to be made on the book is one that 
applies to the majority of its class, namely, that the teaching of 
quantitative relations by means of equations is practically ignored. 
Why is mathematical reasoning, one of the most fundamental 
and important methods of reasoning known to physics, entirely 
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slighted in books like this? Such omissions cannot fail to 
foster in the minds of the student the false notion that in some 
way experimental physics has a separate existence from theoreti- 
cal physics. L. P. W. 
11. Hlements of Electromagnetic Theory ; by 8S. J. Barnett, 
New York, 1903 (The Macmillan Company).—This is a system- 
atic treatment of the elements of electromagnetic theory with its 
simpler non-technical applications. The English attitude of 
making the concepts, with which one has to deal, real physical 
entities by the use of “tubes” and mechanical ethers is empha- 
sized. We note that the author uses the rational units of Heavi- 
side. The large number of figures enliven the text and the 
" numerous references to original memoirs and advanced treatises 
materially add to the value of the work for the really serious 
student. The closing chapters on convection and displacement 
currents, flux of electro-magnetic energy, and electric waves puts 
the student into a position to read with profit the modern 
theories of light and of disturbances in the ether in general. 
The work has long been needed and is a welcome addition to our 
literature on mathematical physics. E. B. W. 


II]. GroLtogcy AND MINERALOGY. 


1. United States Geological Survey, C. D. Waucort, Director. 
—The following publications have recently been received : 

Forto No. 95. Columbia, Tenn. ; by C. Wittarp Hayes and 
Epwarp O. Uxtricu. The Columbia quadrangle is located on 
the western margin of the Central Basin of Tennessee and shows 
the topography, structure and sedimentary record of the Cincin- 
nati arch on the western flank of which it is located. The sedi- 
ments are Silurian and Carboniferous separated by a thin bed of 
Chattanooga shale (Devonian). Commercially this region is of 
great interest because of the presence of rock phosphates. Ten 
phosphate horizons are recognized in Ordovician and Devonian 
strata. The Ordovician phosphatic limestones were deposited in 
very shallow water and made almost wholly from phosphatic shells 
of mollusks, “ which seem to have flourished almost to the exclasion 
of the more characteristic elements of the Ordovician fauna.” 
The brown phosphate of commerce is the result of the leaching 
to which these rocks have been and are now subjected. The 
Devonian phosphate rocks are partly due to animals then living 
but largely to the residual mantle overlying the weathered Ordo- 
vician limestones. 

The addition of a faunal chart and of a sheet illustrating the 
fossil fauna which appears in this folio is to be commended. 

Fouio No. 96, Olivet, South Dakota; by J. E. Topp. The 
Olivet quadrangle includes part of the James River Valley and 
its features are those of very subdued glacial topography. With 
the exception of a very few small outcrops of Benton and Colo- 
rado (Cretaceous), the entire region is mantled by drift of the 
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Wisconsin stage. Two systems of well-marked moraines are 
shown. As a study of simple glaciation and of water conditions 
this folio occupies a unique place. 

ButietTin No. 217. Notes on the Geology of Southwestern 
Idaho and Southeastern Oregon; by Isrart C. RussExy. 80 pp., 
18 pls., 2 figs. 

Taken in connection with Balletin No. 199 and Water Supply 
Paper No. 78, the publication of Professor Russell’s recent work 
gives a fairly complete account of the general geological rela- 
tions of the interesting Idaho-Oregon arid region. Malheur 
Lake (a water body 135 square miles in area and less than 10 ft. 
deep!) is not a remnant of a larger lake but is caused by a lava 
dam. The volcanic phenomena of this region is particularly 
interesting. Details of structure, of character of flows, cones, 
bombs, are described and illustrated. Many of the bombs were 
not formed by rotation in air. Besides the recent volcanics, Ter- 
tiary lake beds and lavas occur in this area. 

Water SuppLy IrricatTion Paper No. 85. Report on 
Progress of Stream Measurements for the Calendar year 1902 ; 
by F. H. Newett. Part IV. Interior Basin, Pacific Coast and 
Hudson Bay Drainage. 229 pp., 2 maps. 

No. 86. Storage Reservoirs on Stony Creek, California ; by 
Burt Core. 60 pp., 15 pls., 38 figs. 

2. New York State Museum, ¥. J. H. Merritt, Director, has 
recently issued the following publications : 

Butietin No. 66. Index to Publications of the New York 
State Natural History Survey and the New York State Museum; 
by Mary Exuis; pp. 239-653.. An Index has been made to the 
publications of the New York Survey and related scientific 
organizations covering the years 1837-1902. The arrangement 
gives: alist of publications; author index ; subject index; index 
to descriptions of fossils. This bulletin renders readily accessible 
the scientific data distributed in an apparently haphazard way 
through various New York reports. 

Map or THE State oF New York showing surface configu- 
ration and watershed. This map, drawn on a scale of 12 miles to 
the inch, is especially valuable for the physiographer and for use 
in schools. 

3. Geology of Worcester, Mass. ; by Joseru H. Perry and 
B. K. Emerson. 159 pp., fully illustrated. Published by the 
Worcester Natural History Society.—Mr. Perry has for several 
years been assisting Prof. Emerson in mapping the metamorphic 
rocks of Worcester County under the direction of the U. 8. Geo- 
logical Survey and has now published part of the results of this 
work. Because of the nature of the region, mineralogical and 
petrographical descriptions constitute the greater part of the 
book. Geologists will be interested in the descriptions and excel- 
lent illustrations of Lepidodendron acuminatum, the only fossil 
yet found over a wide area in Massachusetts and Connecticut. 
The occurrence of this fossil shows the Worcester phyllite to be 
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of Carboniferous age and gives a starting point in geological 
chronology for the variable metamorphics east of the Connecti- 
cut Valley Triassic. 

4. The Paleontology and Stratigraphy of the Marine Plio- 
cene and Pleistocene of San Pedro, California; by Ra.pn 
ARNOLD. Mem. California Acad. Sci., vol. iii, 420 pp., 37 pls., 
June, 1903.—Mr. Arnold has produced an admirable monograph 
on the later fossil faunas of the California coast. The investiga- 
tion was carried on under the supervision of Professor J. P. 
Smith of Leland Stanford University and is based upon the 
study of six large collections of the fossils discussed, 408 species 
of which are cited. Thechief sections studied are at San Diego, 
San Pedro, Ventura, Santa Barbara and Lake Merced, and repre- 
sent strata from 150 to 5350 feet in thickness. 

The formations recognized are the Merced series, chiefly Plio- 
cene, and the lower and upper San Pedro of Pleistocene age. 

The Pliocene species are 87 in all, of which 63-1 per cent are 
now living at San Pedro; 18°5 per cent of the whole fauna are 
species living only north of San Pedro, and no species only south 
of that point. Of the 247 species fromthe lower San Pedro 
beds (Pleistocene), 64 per cent are living at San Pedro, 17°4 per 
cent only north and 3°2 per cent only south of that point. 

Of the 252 species from the typical beds of the upper San 
Pedro (Pleistocene) 68:2 per cent are living, 6°1 per cent live 
only north and 14:2 per cent only south of San Pedro. From 
these facts the author concludes “that during the latter part of 
the Pliocene epoch the climate was much colder on the coast of 
Southern California than at the present time,” p. 65; “that cli- 
matic conditions were changing from boreal toward tropical dur- 
ing the time of the deposition of the lower San Pedro series, but 
that boreal conditions still preponderated,” p. 66. “The evidence 
offered by the upper San Pedro faunas leads to the conclusion 
that semitropical conditions prevailed during the deposition of 
this formation. The similarity of the fauna of these beds with 
that now living at San Pedro and the adjacent coast, makes it 
probable that the conditions, although more tropical than those 
of the present time, were not extremely tropical,” p. 67. 

A comparison of the Japanese with the Californian coast 
species, fossil and living, shows that great similarity exists 
between the late Tertiary and Pleistocene marine invertebrate 
fauna of Japan and that of the western coast of the United 
States ; and the living faunas of the Japanese and West American 
coasts, though having many species in common, are not so closely 
related as are the upper Tertiary and Pleistocene faunas of the 
same region. H. 8. W. 

5. Postglacial and Interglacial (?) Changes of Level at 
Cape Ann, Massachusetts ; by R. 8S. Tarr. With a Note on 
the Elevated Beaches ; by J.B. Woopwortn. Bull. Mus. Comp. 
Zool. xlii, pp. 181-196, 13 pls,—Evidences of several kinds indi- 
cate that Cape Ann has been depressed to a level at least 40 to 
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60 feet lower than the present. Beds of crumpled and faulted clays 
overlaid by till and underlaid by gravels lie 25-30 feet above 
mean sea level and “there is little reason to doubt their inter- 
glacial age.” Professor Woodworth finds evidences of strong 
wave action as high as 80 feet above the sea and concludes that 
marine action rather than glacial lake waters was concerned in 
the beach making. 

6. Latest and Lowest Pre-Iroquois Channels between Syracuse 
and Rome, New York; by H. L. Farrcump. 21st Report New 
York State Geologist, pp. 233-247, pls. 7-31.—The level water- 
planed stretches utilized by the New York Central R. R. from 
Syracuse to Rome and by the Erie Canal between Syracuse and 
Canastota, were formed by rivers between the ice front and the 
high ground on the south. The description and elaborate illustra- 
tion of these channels will be appreciated by teachers of geology 
especially. 

7. Contributions to the Tertiary Fauna of Florida, etc.; by 
W. H. Datx. Part VI, pp. xi, 1219-1654, with plates xxviii-Ix. 
Philadelphia, October, 1903.—This volume, appearing as vol. III, 
Part VI of the Transactions of the Wagner Free Institute of 
Science of Philadelphia, forms the concluding portions of Mr. Dall’s 
great work on the Tertiary Fauna of Florida, repeatedly noticed 
in this Journal. The author and the scientific public are to be 
alike congratulated upon the successful completion of so import- 
ant a labor and no small measure of thanks are due to the Wagner 
Institute for its liberal support. 

8. Spinel Twins of Pyrite; by Wm. Nicot. (Communicated.) 
—Some time since, the writer found among a number of brilliant 
pyrite crystals from French Creek, Pa., bought from Ward’s 
scientific establishment at Rochester, two small ones which were 
evidently “spinel twins.” In size the crystals were about 2™™ in 
diameter. They were found embedded in calcite and associated 
with byssolite. In both cases the two twinned individuals were 
equally developed octahedrons showing the usual distortion, viz: 
flattening parallel to the twinning plane. The faces when 
observed on the Goldschmidt two-circle goniometer gave signal 
reflections with fairly good measurements, which showed with- 
out doubt that the requirements of the spinel law were complied 
with. In a later number of this Journal the details of the obser- 
vations will be communicated. As far as I can ascertain, the 
spinel law, by far the most common twinning law in the regular 
system, has not yet been observed in the case of pyrite, there- 
fore it may be of interest to know that its existence has been 
proved beyond doubt. 

9. Ramosite not a Mineral; by Lea Mcl. Luquer. (Com- 
municated.)—The doubtful mineral Ramosite occurring in peb- 
bles in alluvium from San Luis Potosi, Mexico, originally described 
by Perry in the Transactions of the American Institute of Mining 

ngineers in 1884 (vol. xii, 628), has been carefully reéxamined 
with the following results. 
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Sections were obtained with great difficulty on account of the 
extreme hardness and brittleness, but proved the material to be 
greenish by transmitted light, non-pleochroic and isotropic and 
gave no indication of crystalline structure. Irregular fracture 
lines were common, sometimes approaching in appearances cleav- 
ages, and many minute shot-like grains of an iron-stained decom- 
posed mineral were noticed. 

The region in which the material occurs is volcanic, and the 
very marked vesicular structure and conchoidal fracture would 
indicate a-volcanic scoria. The hardness from 8-9 is unusual, 
but basic scorias from the Sandwich Islands and elsewhere have 
shown a hardness from 6-7, greater than that of ordinary obsidian. 
The recorded analysis, for which no great accuracy is claimed, 
shows: 

SiO, Fe,0; Al,Os CaO MgO MnO, 
46°32 13°00 9°19 17°74 13°13 trace = 99°38, 


corresponding rather closely to formula R,O,.4RO0.5Si0,. The 
material qualitatively resembles garnet, but quantitatively differs 
widely; thus removing the possibility of it being a kind of 
garnet (as suggested by Dana). 

The analysis of a tachylyte from Gethurms, Germany, by Lem- 
berg,* shows: 

SiO. Fe,0; Al,Os CaO MgO K,O N,O Loss 
45°73 12°46 20°15 8°67 3°59 4°11 5°74 0°12 = 100-57, 
as low in SiO, as the supposed Ramosite. 

The evidence, therefore, shows the material to be not a@ min- 
eral, but a basic scoria of unusual hardness and composition. 

Department of Mineralogy, 

Columbia University, N. Y., Nov. 4, 1903. 

10. List of New York Mineral Localities ; by H. P. Wurr- 
Lock. Bulletin 70, Mineralogy 3, New York State Museum, 
F. J. H. Merrill, Director. Pp. 108, Albany, 1903.—This Bulle- 
tin will be found of much value by workers in mineralogy. It 
gives a carefully edited list of the species which have been found 
at various points in the state. The places are arranged under 
the separate counties, and the tables indicate the method of 
occurrence, the mineralogical association of the specimens, etc. 
In addition to the general introduction, a bibliography of two 
hundred and thirty-one numbers is given, to which references are 
made in the tables. 


III. ScrentTIFIC INTELLIGENCE. 


1. International Catalogue of Scientific Literature.—The his- 
tory and plan of the International Catalogue of Scientific Litera- 
ture have been already given in this Journal (v. xiv, 317, 1902), 
and some of the volumes issued have been noticed (v. xv, 490, 
1902). It is gratifying to be able to record the further progress 


* Zeitschr., d.d. Geol., Gesell., xxxv, 570. 
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of this important enterprise, and the publication of an additional 
series of volumes of the first annual issue, that is for the year 
1901. These include the following: D, Curmisrry, Part II, 
pp. 671; G, Mrneraoey, including Petrology and Crystallo- 
graphy, pp. 208; J, Groarapny, pp. 268; H, Groioey, pp. 220; 
K, Patzonro.oey, pp, 170; L, Generar Brotoey, pp. 144; P, 
PuysicaL ANTHROPOLOGY, pp. 224; O, Human Anatomy, pp. 
212; Q, Puysio.oey, including Experimental Physiology, Phar- 
macology and Experimental Pathology, Part II, pp. 664. There 
is also a volume of 312 pages given to a List of Journals. 

It is to be regretted that thus far no Government aid has been 
obtained for this great work, and hence its prosecution would 
have been rendered impossible in this country had it not been 
taken up by the Smithsonian Institution. At first only limited 
means were at its disposal, but beginning with July 1, 1903, a 
larger sum of money is devoted to it, increasing materially the 
force of workers. This will make it possible to carry on the 
work more promptly, and to fill up what omissions have occurred 
from January, 1901, to the present time. It is stated that this 
country leads in the number of subscribers, the total being ninety- 
six, equivalent to seventy complete sets, for which the yearly 
subscription is eighty-five dollars. It is highly to be desired that 
this relatively good showing should be much increased, as the 
enterprise is one of very great-importance to workers in science 
and should have general support, particularly from the libraries. 

2. National Academy of Sciences. — The following is a list of 
the papers presented at the recent meeting of the National 
Academy in Chicago (vol. xvi, 475). 

T. C. CHAMBERLIN: Preliminary report on the Agassiz data relative to 
underground temperatures at the Calumet and Hecla mine. 

C. E. Dutton: The velocities of earthquake vibrations and their signifi- 
cance. 

A. P. Matuews: The relation between solution tension and physiological 
action of the elements. 

S. W. Wixuiston : On the distribution and the classification of the Plesio- 
saurs. 

C. O. Wurman: The evolution of the wing-bars in pigeons. 

Cuas. B. Davenport: Evolution without mutation. 

J. McK. CarTrEL. : The measurement of scientific merit. 

J. StreGLitz : Stereoisomeric nitrogen compounds. 

CHARLES BASKERVILLE: On the recent investigations of the rare earths in 
the laboratory of the University of North Carolina. 

E. E. BarnarD: Some peculiarities of comets’ tails, and their probable 
explanation. 

Epwin B. Frost: Stars of the Orion class. 

GrorGE E. Hate: On the nature of the solar flocculi. 

Gro, C. Comstock: The relation of stellar magnitude to stellar distances. 

A. A. MicHELsSoNn : Spectra of imperfect gratings. 

STEPHEN Movutton Bascock: The relations of weight and energy. 

C. 8S. Sticuter: The propagation of ground water waves. 

Witu1am H. Brewer : Biographical memoir of Sereno Watson. 


3. Astronomical Observatory of Harvard College, Epwarp C. 
PickeriNG, Director.—Recent publications from the Harvard 
Observatory include the following: Annals volume XLVI, Part I, 
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Observations with the Meridian Photometer during the years 
1899-1902 by Solon I. Bailey. Volume XLVIII, Part V, Dis- 
tribution of Stars; No. VI, Meridian Circle Observations of Eros 
and Comparison Stars; VII, Meridian Circle Observations of 
Nova Persei No. 2 and Comparison Stars; VIII, Intensity of 
Atmospheric Lines in the Solar Spectrum. Volume LI, A Pho- 
tographic Atlas of the Moon by William H. Pickering. Also 
Circular No. 72, Intensity of Spectral Lines and No. 73, Opposi- 
tion of Eros (433) in 1905. 

The Photographic Atlas of the Moon, by Professor W. H. 
Pickering, is a notable work, giving, as it does, the first complete 
representation of this kind. The work was carried on at the 
Observatory at Mandeville, Jamaica, beginning in 1900. The 
telescope employed, constructed especially for the purpose, had a 
12-inch objective (30°"%) and a photographic focus of 135 ft. 
4 inches (4125°™*) so that a scale of 5 seconds to 1™™ was obtained. 
The length of focus required that the tube should be fixed and 
the objective viewed in the movable mirror. The results are 
given in a series of eighty beautiful plates, each of the sixteen 
portions of the surface being represented for five periods between 
sunrise and sunset, thus exhibiting the changes in appearance due 
to differences in lighting. One point of interest brought out is 
the variation observed at different times due to varying amounts 
of snow and frost in certain of the craters. Variation attributed 
to patches of vegetation was also observed within some of the 
craters. For the discussion of this and other matters of interest 
reference must be made to the original work. 

4. Beitriige zur chemischen Physiologie, herausgegeben von 
F. Hormeister. IV Band, 1-8 Heft., 1903. Braunschweig 
(Vieweg und Sohn).—The student of the chemistry of the pro- 
teids will continue to find a large number of the contributions in 
the Beitrdge devoted to this department of physiological research. 
Special reference may be made here to papers by Gamgee and his 
coworkers on the optical activity of various albuminous com- 
pounds. Several of the latter are found to be markedly dextro- 
rotatory, whereas the simple proteids are known to be levorota- 
tory. Digestive processes and enzymes receive attention in 
several papers ; and two sulphur compounds, taurin and cystin, 
which possess considerable physiological interest, are made the 
subject of investigations reported from Hofmeister’s laboratory. 
In addition to these there are papers on the precipitins; on crotin 
and ricin; and several communications on the lymphatic tissues 
by Bang, in addition to briefer notes on various experimental 
topics. L. B. M. 


OBITUARY. 

HERBERT SPENCER, one of the deepest thinkers of his time, 
whose philosophy has had a profound influence upon the intel- 
lectual men of all nations, died on December 8 at the age of 
eighty-three years. 
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